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INVESTIGATION OF OFSGANIC DESIVATIVES OF SELEXRIUS AKD 


TELLUROUS ACING AR ANALYTICAL @Q6AGEWTS 


fotretponding Membe: | Alimstin eed 


Up to the preacnt (ime, investigators Leve given grest deal of ettesitian th the study of orgenic 
containing Cie groups COUN, @ NOM, NH, and Ongentc compounds with er- 
eente+, sulfure, end, particularly, heave been coral derably lew etuded 


Furthermore, organic reagents ocntaining the groups ~ and ere of very greet tnteres: trom an 
enslytical point of view, es hes brenthown tn number ef works (1-12) 


Organic compounds containing SeO - $eO,H - TeO end groups have aot pet been with 
the of using them for analysis In Cre Mtersture Crere is only the beted remark dy Peigh thet 


benseneseteninic ectd slightly soluble precipitates with tetravalent elements, end reagent 
be aed for enalytice? purposes. Felg! also remarked that, of the reagrna containing a sulfinic er sdlerinic group. 
thoee in which the ecid group ls directly Jolned to the nucleus 


ae 


ere capable of precipitating tetrevelent metals, end the presence of group, in CH, SO,H 


This esscrtion proved to be Incorrect. Both types of reapents cen precipitate the tons enumersted below 
from actd solutions, the difference lying In the somewhat greater eotuiility of compounds contataing e Ci, 
group (see Table 3) 


Peigt aloo considem that benzencsalfinic can tavtomertre (1, 1%] 


o 


(") 
end on Cia basis of hese ho to the compounds formed. the Gollowing suuctua: 


Ag oo “, 
Tit, 
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salts of the 


in addition, a disulfone (RSO), Is formed 
ternaina tn solution 


Benzencecleninic acid fs lets prone 


p-altra-, o-carbovy-, 


compo neds. 


TABLE 1 


Reagent 
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ON — SANIT, 
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8eO,NH, 
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cipitate. 


— are readily soluble in water, 
any widespread application in analysis. 


However, our investigation showed that tie ftrst structure tacts, aid the compound 


The conchiton of Fetyt ast the ability of certuns (IV), En acid solution, to forty a precipitate with ben- 
ach’ eas alto shown to be Asa matter of fact, as was estabiished by 
of cerlum (IV) with benzenrsulfinte acid there ts an oxklation-reduction reaction meautcing bathe eeductioa of 
(IV) to ec rium (ITT) and the oxidation of benzenesulfinic actd (R--SOMM) to (R— SOL 


A slmilar precipltate ts alvo formed by the action of other strong ovidizing apents. 


We synthestzed and wer: the Ant to Investigate the class of organte derivatives of selenous actd conta! 
ing the function-snalyticel group methane-, ethane- 
scleninte ecics, and etso the series of organic éerivat 
clentc acids, etc. 
Moreover, benzylsulfinic, benzylseleninic, and beazenetellurinic 


Osganic compounds of thts type, owlng to the presence of the Inorgante ecid ~SeOH or - 
react in neutral or weakly actd solutions with many elements (sce Table 1) with 


Results of Qualitative Peactlois of Orpanic Derivatives of Selenous and Tellurous Acids 
with Incrgame Jons Neutral or Weakly Acid Medium ® 


Note A » sign indicates the formation of a precipitate, a 


This Cable demonstrates the possibility of a nusiber of determinations and eeparations 
of elements, concemiing whieh we hae reported ta other papers of ours. Copper, sil- 
vet, lead, and cobalt precipitate with a large excess of the reagent 


On the contrary, metallic salts of aromatic telene acids (R and the stinflac salts of celluro actds 


formed are typical 
in organic satvents (ethyl ether, chlorfern, ete.) 


in the rezctioa 


asawhite, Nocculent preetpftate, The tivalent cerium quantitatvely 


to oxidize, and, therefore, ft ferns a precipitate with cerium 


ne 


Propane -, burane-, benrene-, aad naphthalenee 


vatives of selenous actd containing vartous substituents, o-nitie-, 
acids were synthesized and Investigated. 


founasion of slightly soludte 


| 

| 


shan indleates neo pre 


therefore, benzeneselenonte and beurenete uronic ecids cannot have 
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TABLE 2 TABLE 3 


Dependence of the Semsitivity of the Reaction In Soluhitry of bron and Zliconium 
Ortecting Varlous Ions on Molecular Wel ght of in Water 
the Reacent 


Sensttivity of the moses, ‘iter 
Pe( 44-0? 
(NEE)SeO, | 103 [104 4.4] 23 ) 
172 | 7.R] - 
| am | 23] 2 1.9] $.0 re(7 
Ctl, —SeO NU, | 26 8.0} 07 
. 
Results ef the Potentiometric (#) end Ampero- Na, 
metric (b) Determination of Bismuth vA 
mg | b 
19.60 16.83 
BAY R45 
4.23 
2 Of the group of reagents synthesized, the mort In- 
242 - 243 teresting for snalytical pusporss era the eromatic dert- 


vatives of sclenovs acid, benzene- end 

infec acids, slnce they quantitatively precipitate from ecld 
solutions the (ctravalent elements (tantium, zirconlum, hafiiium, thorium, cerlum, tin, and eLontoblum, tan- 
talum, bismuth, and fron (111). 


The selectivity of the action of benzene- and naphthalencecteninic achds can be Increased by regulation 
of the pit end by the we of complexing agents. 


An investigetion showed that ammontuin benzene- and naphthalenczcleninetes are quantitatively 
preciptrated from strongly acid solutions, for example, 2.0 MN HNO. The majority of other elements ere not pre- 
cipttated, and do not Interfere with the determination of zircontum, exceptions being tla (FV), thtantum, nlobtin, 
tantalurn, and tetravatent which form similar precipleates In strongly acld solution, 


TABLE 3 The effect of the last four elements can castly 

be eliminated by the edditlon of hydrogen peroxtds, which 
Pesults of the Determination of Zirconturn tn for:ns complex compounds with them and prevents dels 
Fudlalyte and of Titantum in Thonomagnetite preciptratfon (in acid medium, certum tcduced by 
by the Benzene (a) and Naphthalencseleninate hydiogen peroxide Co Uwe trivalent state, and the latter 
(>), Pheuylarsnuate (c). and Cupferronate (d) does not form compounds with ammontum ben- 
Methods 


gene- of Tin muct be pre- 
Med, Uminartly removed by precipitation with hydrogen sul- 


j In Tattle 3 are presented the results of solubiifty 
| in vi determinations on certaln compotunds using a9 Indlcaton 
the radioactive bron (59) and zlrcontum (95), 


Ther, The compositions of thece compounds were ertab- 


Ushed by chetnical analysts of the dried prectpitates, 
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It should be noted that selenous acid hes aliwady been used ty analytical chemftry for the separation end 
determination of (13, 14]. thtantin (15), bismuth (15), tentaturn, end gfreontum [16], and 
tellucic acid has been used for the determination of blsmuth{ 17), ete. 


However, th. organte derivatives of thes acids arc more valuable analytical reagents, since they possess 
Rreatest sentitiy . and selectivity of acition, espectally with the stmuttancow use of masking complexing agents. 


We developed new gravimetrte and physlcochemleal methods for the determination of tetravalent ele- 
ments, titantumn, zirconlum, etc., and also of bismuth and fron (HT) in the presence of other clemeats tn indus- 
trial and natural matertals using ammoniuin benzene- and naphthaleneseleatinates (Tables 4 and 5), 


The principle of the amperometric. and potentlometiic inethods was bated on the precipitation of the ele- 
ment with beazeness. deninic acid with subsequent solution of the prectpltate in mineral acid and fodometric 
tration of the benzencseleninic acid. 


In concluston, necessary to point out the powlbillty of radiometric Utration, using tadloactive 
topes, of these elements or of organte compounds contalning radlolsotopes of selenium or teHurium. 
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ELECTROLYSIS OF GaO- Al,0,- SIO, MELTS 


O. A. Esin and V. A. Chechulin 
(Presented by Acadeniician I. P. Bardin, October 2, 1956) 


Literature data on the electrolysis of melts are few. Thus, Bockrls end co-authors (1) 
demonstrated the applicablilty of Faraday’s law during the Uberation of exygen tn the form of CO and CO; at 
a carbon anods In CaO-S!0, melts, But nelther they nor Martin and Derge [2], who passed an electric current 
through SIO, slags, observed any cathode products. It possible thet Cila was due to the how spe- 
cifle gravity of £1, Al, en Ca, thele epprecieble vapor pressure and beh chemical activity, and the formation 
of dors In a lower ttate of oxidation. 


In order to collect the products of the cathode process, we used as cathodes Mquld cert fron (4.8% C) and 
copper, which Lave the ability to dissolve, frst, Si end Al end, second, Ca, Mz, and Fe. Ths expertments were 
carried out es previously described (3) In a fused magnesium cell having enods (h 40-45 mm; d 35-19 mm), 
central (hs 7 mm), end cathode (h © 65 mm; d = 7 mm) compartments connected by narrow channels 
(d= 2-A mm} Current to the cathode. which welghed from 3 to 8 g, wes carted below by tungiten oF molyb- 
denum wires. The enodes were cerbon rods. On the bottom of the center compartment was placed a *guard® 
(Uquid cast tron of copper), which controlled the process fn the absence of current. The amount of electricity 
pasted wes messuzed by @ copper coulometer. The current efficiency was determined by determining the conm- 
position end welpht of the cathode and *guard.* 


| 
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TABLE 1 


Results of Experlinents on the Electrolysis ef CaO~ AlO,4~ SIO, Melts 


Slag composition, % § Curent effictency, % 


| 


| Cw Al Overall 


1 


BAA 
At 
" 
1%. 


astizon 
1170 
1.480 
37% 
370 
wo 
feo! 
1.470 

300 2% | %.99 Conpes 
1440 Cast iron ! 


Cc 
w 


Swen 


Notes. 1) The data are for cathode compartinents with h/d © 7.8-8.0. 2) Content 
of tron oxides In the slags exceed O1%% °3. Magnestum oxide was introduced lato 
the slag to decrease corrosion of the walls of the electrotyils cell, 
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Al,9, inslag - 
inalag 


Vartation tn the current ¢ffleleney (A) for 
alurninuns with Al,O, content of the slaps at 
thede coimpartment b/d of 8 (pots a fora melt of 


Hy 2 Curent efficiences foc sitican (A) and viscosity 
(y of SIO, melts for cells with b/d 6, 


4 ksacen from the data of Table 1, the data of which relate to cells with closely similar dimensions, the 
major product of the electrolysis of tie C20- S10, welts was sitleon, Ns current effictency varted ta Che 


Units of 33 to 71%, white for AL it was appreciably less and did uot eaceed 24%. The over-all curtent efiictency 
vated from 42 to 30%, frequently far frond 160%, 


fa order to determine which uncorsidered process consurned the rematoing part of the electsictty passed, 
we compared the relations of the airrent eMicrencles for Al and Si to thelr content In the slag, As Fig. 1 shows, 
the current efficiency for aluininumn increased regularly with the Al,O, content of the melt. Cn the contrary, 
the current eMecleacy for stlcon decreased from to 38% and then Increased to 59% as Cie SiO, content 
was inctcesed. The minimum corresponds to Ue slag with the lowest viscosity, Figure 2 (Mustrates this paral- 
between the current efficlency for silicon and the Uterature values [4-6] of meis viscosities, Hence, It 


follows dhat the decrease In current efficiency was dependent on # process whose rate was determined by diffusion 
of some of tre motecutes In the electrolyte. 


fe support of this ta the regular decrease tn current efficlency for silteon with an increase in temperature 
and, therefore, a decrease In viscosity, Thus, for a slag having the compositfon 30% CaO, 19° Al,0,, 39% 
and 1% MeO, the current eMctency was B2% at 1290, 45% at WIS, and 41% at IAP, Further evidence of this 
is found im the Increase In current efficiency for St with an increase In the ratlo of the hetght (h) of the cathode 


compartment to ita dlanicter(¢d) (Fly. 3). The latter chrcurnstance Indicates oxidation by the furnace atmosphere 
of the particles, which decreases the current used, 


These particles are not only Fe* fons, alnce reduction of them to £e™ at the cathode and segenerstion at 
the boundary with the gas phase (3) could hardly appreciably effect cument efficiency owing to the low content 
af iron oxides In the melts (up to © 16%) and the high current density (up to 6 amps/ein?) As seyarda the mM; 
and Ca” tons, their reduction to monovalent fons seems Improbable under the conditions used. To some silghe 
extent, pethaps, this should be considered in coancettod with the formatton of subcompounds of ALET}, To this 
should be added that we did not generally detect calcium In the copper cathodes, and the cuccat efficteacy for 
magnesium was very low and did not excecd I+. Finally, the possibility that the current effictencies foe dem 
was somewhat higher cannot he excluded, since they could have een lost by vaporizauon, 


TABLE 2 


Anodic Solution of Silleon in CaO- S10, Melts 


Siag compoution, % Anode compon-) oi les 


A olses 
poe 
0? 
\N 4a 
3 


Apparently, the most probable con pete pro evs aves: harging ef the Wiican low 


The exfstence of etiicon toms tu slags hes been chown by a large manhes of observetion 
Gre possibility of evercharging ts indiceted by tre form of tie correxpouding polartza ton curves (8) 


The comparstivety tepid diffuston of divalent slicoa the wrface of the catwtyve and tty astdation 
there © Cia tewavalent form by the furnace atnorphere prevented Geveluperent of the proceu --> 
aad Giereby decreased tie current efficiency for dlicon, 


The tower current consumption during diw harge 
of Al and Mg in comparison w SI ts In Qualitative 
agreement with the high stability of these 
more preclsely, with the increasing value of the 
standard isobaric potential calculated whing Inw 
account the energies of the bonds uf these oxides 
with the melt end the heats of forimanen of tinier - 


metallic compounds with he cathode (FeSi, CuyMg. 
eu.). 


In conclusion, we present data on the anodic 

solution of allicon from the alloys Fe — $1 (21.9% 51) 
and Cu — S$! (17.5% St) in slags of various cam post. 
tions (Table 2). 


Pig. 3. Varfation in current effictency (A) (for St). 
with h/d of the cathode compartment for a slag of at current efficiencies of 90 & I1M4H% . This, and 
the compotion 4 CaO, 41 Al,Oy, 64 S10, , and also the posslbility of obtatning high achode 
6% Mgu ar 1300", effictenctes, attests w the applicability of 


Law during electotyss of Ca) - ALO, 


S. M, Kirov Ural Polytechnical lostitute Received (& wber 1, 
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REDUCTIVE DIMERIZATION OF DERIVATIVES Of a, @-UNSATURATED ACIDS 


Academician I. L. Knunyanis and H, S. Vyazankin 


Jt has previously been estabUshed (1) that the msjor product of the eirect elecwochemical recuction of 
ecrytonitile under specific conditions is adiponiuile, Slnce tils metiod of recuctive Clineitzadion fs 
disunguished by bichly reproducible resuits and permis reduction t be camicd out undor comparable condl- 
Uons In the presence of differeat emalgsina, It ls potsible study the dependence of tie phenomena of hydro- 
dimertzadon on the structures of the reducible compounds and the nature of the amalgams, 


With this elm, the reductive dimeiizaticn of 
aseries of Corlvatives of a, - unsaturated acids 
was castied cut ef) 


The reductive dimerization was caricd out 
in an epparatus which wes a cointinsucn ef aa 
electolyzer, for dhe preparation of tic emaigams, 
and a reaction cell, in which the amaigam reacted 
with tio reaction mixtures (Figuz2 1). The surface 
arca of mercory catiods was 1,60 sq. dm , while 
surface e:ca cf the amalgam fn the reaction cell 
was 2.35 $9. 2a, The amalgams were prepared by 
electolysis of 49% solutions of sodium er potassfum 
hycroxides and a taturated solution of LiCl ara 
current Mow of &-9 amps, and a temperature of 
14-16" The rezetion mixture consisted of the 
seducible substsnce and 20% HCL ( 1:2.5 mote), The 
reaction was Interrupted whoa die mixture became 
alkaline toward phenolphihatein, 
The investigation showed that one of the factors affecting the formation of hydiodimers Is the nature of the 
conjugaicd system of the reducible compound, This observadon cannot be considered unexpected, Hf It fs 
assumed that formation of the hydrodimer ts preceded by reduction of the molecules to Intermediate radicals 
and subsequent dimerization of the latter eccording w the scheme: 


Fig. 1. A)reaction cell, B) electrotyzer 


° 


e 
2-CH,CH,COOR ——— (CH,CH,COOR), 


Ic is well known that unconjugated ethyleate bonds are not reduced by amatgams. With styrene end vinyl 
acctate, we established that conjugation of en ethylente Lond with a benzene ring or with an unshared pale 
of elections of the oxygen atom not toffictent for reduction of the bond by of potatstum 
amalgam, Cys case of amides and dictiylaintdes of B-unssturated acids, conjugation of the C C 


4 | 

. ® 
i 

187 


and © = O groups fs apparently condderably weakened by the competing conjugation of the unshared patr of 
electrons of the nivopen atom with the g- electrons of tie C = O bond: 


to 
NR, 


This also explain the fact that the armides and of acrylte and crotonic actds are very 
Jifflcultly reduced and do not yleld hydrodiimers,as well as the fact thar the amtde and diethylamide of 
methacrylic acid are not reduced. 


tn the diethylamide and dipheaylamide of clunamic acid, conjugation of the g- elecuons of the 
carbonyl group, the ethylenic bond, aad the benzene ting occure: 


and apparently as a consequence of thts, conipedng conjugation ts less developed, It is seen from Table 1 
that these compounds yleld hydrodimers together with the products of normal reduction, 


‘ This ts in agreement with te Uterature data [2] on the hydrodimertzadon of a, 8 -unsaturated actds, 
in which competing conjugation also occurs; 


And In dis case, the phenomenon of reductive dimerization ts characteriste only for actds tu which 
© and slintlar groups are present in the 8-postuon, The coanection between tic occurrence 
of conjugation and the ability tw form hydrodsiners is also observed In die ethers and niulles of a, 6 -unsaturated 
acids (sce Table 1). Thus, for exaniple, diediyl maleate, In which die conjugated system Is soinewhat dis- 
tupted (3), gives hydrodimer tn lower yleld than does cleuiyl fumarate, The decrease in yield of hydrodbner 

in the case of methyl methacrylate and the absence of reduction during hydrogenation of methacrylonlulle with 
potassium and Uthiuin amalgams can be explained by a decrease in the conjugation of the couble bond with 

the carbonyl group owing tw the hyperconjugating effect of the methyl group, In addidon, tt is seen from the 
data obtained that othee factors can decksively affect reductive dimertzaudon, Thus, the absence of reduction 
during the weatnent of ethyl 6, B-dimethacrylate with sodfum and potasstuim amalgams ts apparendy 
expialned by shiclding of the B-posttion by the two mediyl groups, With an tacrease fa the molecular weight 
of the alcohol radical in the aciyllc ester sesles, the yleld of hydrodiiner decreases; flnally, it ts difficult w 
explain the increased etablilty of dhe nitelles of @, B-unsaturatced acide toward reacdon with amalgams of the 
alkall metals as compared to the cormesponding ecters, 


GC fo 


Original compound Reducing agent Hydrodimer structure eid, 


—— 


CH, =CHCOOCH 
CHEN, (CH Ty 
Ch ty (CH CH COC Hy 
Ch COOCE COOCHG 


GOOCH a (rans (Ca ,OOCCHCE HCOOH, 
wans ICH COUCH, ba 
)COOGH, (CHL Hie Cook thy, 
CH CH <CHCN ) (CH,CHCHAN) 
CH CHeCHCN 
CHON 
-chicn CoH CHICH CN 
GH.CH @CHCN )y 
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It follows from our resutts that the amalgams differ sharply tu the abtlity to reduce derivatives of 
a, Be-unsaturated acid: with the formation of hydrodimers, Of the compounds Investigated ( cf, Table 1), 
only esters of maiele and fumaric actds and derivatives of cinnamic acid were hycsodimerized by alurninum 
amalgam in moist ether according to the method of Wilds and Sutton (4). Among tic amalgams of the 
sixali metals, reactivity Increases from sodium amalgam w Uthlum amalgam, paralicl to the Increase 
in normal potentlal of these emalgams, In particular, tt was posible to carry out with ithium ematigam the 
reducdve dimerization of ediyl 6, 6-dimethacrylat and crownontuile, which were not reduced by tia other 
amalgams, Under comparabls comdidons, with sodium emalgam the yleld of hydrodimer wes 10-20% lower 
‘© Compound prepared for the first ume, 
e¢ Original compound not reduced, 


eee eduction carled out tn 30 % solution of CH,COOH In alcohol. 
Prepared by reducuive dimerization of maleate, 
Product of the of diethyl fumarate. 


— TABLE 1 
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than with potassium: amalgam, The stucturec of the hydrodimers oMtained were continned by Identification 
of dhe acids and the formation of the vorresponding cyclopentanones nom the acids, Investigation showed 
that reductive dimerization, when it was posible, leads w the formation of a mixture of eterolwomers, Hydro- 
dimerization of a@-chtoroacrylunitrile (cf, Table 1) was accompanied by substhtuuon of hydrogen for the 
halogen. The reaction products were adiponiulle and proplonitile. Saponificanon of methyl acrylate 
paralleled its reductive dimerization, and tis sharply reduced the yield of hydrodimer, The properties ot the 
hydrodimers obtalued are presented in Tables 2 and 2. 
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THE REACTION OF BENZYLPYRIDINIUM CHLORIDE WITH 
CYCLOPENTADIENYLLITHIUM 


Associate Member Acad, Sci. USSR D. N. Kursanov, N. K. Beranctskaya 
and V. N. Setkina 


In the present work, the reaction of cyclopentadienylithium (I) with benzylpytidintum chloride (0) 
was studied, 


It might be expected that benzylpytidintum chloride would benzylate the cyclopentadiene ring. However, 
in piace of the expected benzyl-subsututed cyclopentadiene, a substance (Il) was Isolated, which had the 
formula on the basis of analytical data and molecular weight determination, 


Substance Il was a golden yellow crystalline matertal, stable In air, readily solubie {In acetone, nivo- 
benzens, chloroform end pytidine, less soluble tn dioxane, alcohol, and benzene, and Insolubte in water, ether, 
petoleum evic:, end carbon tetrachloride, 


Compound Ul decomposed without melting at a temperature Bbove 180°. 


The substance dissolved In cllute acids, and was again precipitated from soiution by the action of alkall. 
With the alm of determining the suucture of this compound, we catalydcally hydrogenated tt over Bi-black 
In alcohol and tn glacial acetic acid at aunorpheric pressure (1). It was found that one mole of [I atsorbs 
five motes of hycrogen, which indicated the presence in the molecute of this substance of flve double bonds. 
Determination of the fodine number led to the same conclusfon, 


Hydrogenation gave én amine (TV), which was then converted to the chloroplatinate and methlodide, 
analysts of which cormesponded to the formulas ° and Cyt 


It ts known from the Hterature (2) that the action of alkaline reagents on pyridinium salts frequently leads 
to cleavage of tie pyridine ting at the nltrogen-carbon bond, 


In order to clarify the question of whether the pyridine ring was retained In Tl, we attempted to acylate 
amtne IV. The presence of a tertiary nivogen in amine IV would Indicate retention of a pyridine ring fn 
substance MI, while the prescnce of a secondary nitogen would indicate cleavage ef the pyridine ring. 
Experiinents showed that amine IV was a tertary amine, which Indicated retention of the pyridine ring tn the 
moleculs of Il. 


4 
{ 
4 
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The data presented bring {nto consideration the following structural formulas for substance IIL, 


© 
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In dis connection, It was of interest to obtain experlinental confirmadon of the polarity of we molecule of 
substance Ill. The dipole moment of I was measured fur this purpose, The measurement of tre dlpole 
moment was performed, at our request, by A. N. Shildlovskaya in the laborstory of Corresponding Membet Acad, 


Sci. USSR Prof. Ya K. Syrkin, to whom we express our sincere appreclation, The dipole mement was found 
to be 9.7 D, exe for an organic compound. 


This value of the dipole moment fs in sharp nonconformity with the fulvene suucture, and confirms 


the polar nature of our substance which, following the nomenclature proposed by Wittlg, must be named benzyl- — 
pyridinium cyclopentadienylide, 

Owing to the work of Wittig (3), it is known that dipolar ions — *ylides" — are formed by the action of 
phenyllithium on quaternary ammonium salts, Thus, for example, a methylide ts formed by the reaction of 
teuamethylanmonicm bromide with phenyllidiium: 


© 6 
——= (CH), N—CH, + LiBe + 


Moreover, fromm the work of Schienk [4] it ts also known that the reacdon of organosodlum and organopotassium 
compounds with quaternary ammonium salts yields salt-Mke compounds In which the positively charged 


ammonium group fs fontcally bound to a negatively charged hydroca:bon radical, Triphenylineusylictramethyt= 
ammonium, benzyltenamethylammonium, etc, are such compounds. 


6 
NICHY,; CH, NICH,),. 


Comparing these different cases (the formation of the quaternary salts of Schlenk and the formation of 
ylides), Wittig was led to the conclusfon that the stability of Schlenk's salts depends on the mobility of the 
hydrogen atoms tn the radicals joined w the charged niuogen atom and also on the proton accepting ability 
of tie anton. In those cases where the cation of the quaternary salt contains a mobile a-hydrogen atom and 
the anton ts a stoug proton acceptor, cleavage of the quaternary salt occurs with wie formation of an ylide, 


In the case investigated by us. (the reaction of benzylpyridinium. chioride with cyclopentadienyliithium) 
at first a quaternary ammonium salt of the type of a Schlenk salt ts probably formed, 


Next, the stable cyclopentadtenyl autos alky tates the site of the lowest elecuon denstty of the pyridine ring 
(a - and y-posluons): 
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Splitdrg off of two atoms of hydrogen © (which foltows from the analytical dats un substance El) thea 
with the formation of the mere energy-favorable dipolze compound with a strbls cyclopentedieryl enicn 


Recently, a sertes of reports has apreaced tn the IMterature devoted t compounds contetning @ 
negatively charged cyclopentadies tyl radical. Triphenylphosphenluin cyclopentadlenytice 
cyclopentedienylide [7), aud (8) are such compounds, Ths unstzble emmerium [3, 9) 
and sulfoniun[t0) Musrenylides were elscovered previcusly. 


They can be generally represented as; 


where A is an onlum atom. 


In the majority of cases, this is a brightly colored crystalline matertal, One will melt at a high temperature, 
another will decompose, anda third will notmelt They are soluble fn poler solvents, end co not cl:solve tn 
nonpolar solvents. They dissolve in dilute acids, and are reprecipitated on alkallzation, They form tals with 
alkyl! halides (CH,I, etc.). 


Usually, such bipolar compounds are prepared from onfum sals by the action of bases which, spiftting 
off a proton from the onlum compound, create the opportunity for the formatica of a dipolar fon. In all 
dipolar compounds of this group, the positively charged onium atom fs always bound directly to the 
cyclopentadienyl anton, as can be seen, for example, frorn pyridiniun cyclopentadicnylice 


The benzylpyridinium cycbopentadienylde obtained by us possesses all of the properties of dipolar fons indicated 
above. However, in contrast to the previously described dipolar fons of this type, our substance IU ds ths first 
representative of stable dipolar fons in which a direct bond between the positively charged nitrogen atom and a 
carbon of the negatively charged cyclopentadieny! nucleus fs absent 


EXPERIMENTAL DATA 


1. Preparation of cyclopentadienyllithium. To 29.18 g of butylliciium, prepared by the 
method of Hilman (11), 33.10 g of cyclopentadiene was added dropwise and with stirring, The reaction Mask 
was cooled with ice water during tie reaction, After the addidion of the cyclopentadiene, stirring wzs continued 
for another two hours at room temperature, For the determination of the yteld of Cig, it was converted wo 
bls-cyclopentadienecarboxylic acid (12}. The yield of was 71.9%. 


2. Preparation of benzylpyridinium cyclopentadienylide, Into a round-totwmed 
Mask, fiteed with a stimes and reflux condenser, were placed 150 mi of etics and 102,9 g of powdered benzyl- 
pyttuintum chloride (prepared by the condensation of benzy! chloride with pyridine, then dried and powdered). 


* “We did not observe the Uberation of hydrogen, probably owing tw side oxidation-reduction reacdons, 


e 
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A sucpension of cyclopentadtenyllithhuin fn ether was added with vigorous «iting to the ethereal suspension of 
benzyftpyridinfisn chioride. The mixture was stirred for 20 hours at room tempersivre, after which reactica 
products were treated with water, This pave a precipitate, from which 6.55 g ef substance Dl was f-olsted by 
from benzene, From the ether layer was obtained another 12,14 gol The toral yicic was 
24.5% 0f the used,¢ 


The molec ular welght was 232.0 (cryoscopically from nitrobenzene); calcuisted fer Cy tt N, 23.4 


Found $< C 817.51, 87.43; H 6.47, 6.28; N 5.95, 5.89. CysH;,N. Calculsted %: C 81,52; H 6.48; 
N 6.01 


3. Investigation of the structure and properties of Cy;HysN. 


Determination of the lodine number of Cyt;,N. The determlaadtion was carrled out in chicroform 
soludon. Found: 327.1, 321.2. Calculated for five double bonds, 342.5. 


b. Hydrogenation of CypfiyN. The hydrogenation of the product of the reactlonefberzy! 


ge 


chloride and cyclopentadienyHithium was carried out over Pt-biack {n alcohol and in acetle achd at 
pheric pressure, 

Sample Amecunt of Amount of hydrosen 

weight hydrogen absorbed = calculated for 5 doutie bonds 


Alcohol 0.5019 


Glacial acetic 0.6631 
acid 


c. Analysts of salts of the hydrogenated amine, Chloroplatinate, ° (decomposition 
temperature 140°), found % Prt 21.93, 21,82; calculated 21,77, Methlodide, C,;H,,NI (decomposition 
temperature 1€0-170°, found % 122.82, 33,00; calculated 32.94, 


d. Acytation of the hydrogenated amine, Acylation of the hydrogenated amine was carricd out cn the 
hydrochloride with aceile anhydride in pyridine medium [15], Acetic anhydride taken for the acytztica 


0.3101 g, 0.2446 g; recovered 0.3106 pg, 0.2415 g; % error 0.5-1.2. Thus, the acylation data indicate that the 
hydrogenated amine was tertiary. 


e . Determination of the dipole moment of Cyl,sN. The dipole moment, determined by the method of 
Smals (14), was 9.7 D (in benzene), The experimental error was 2-Th, since the measurement w2s 


out Ln highly dflute solution owing to the low solubillty of tic materlaL, The dfpole moment of Cyt!,3N wes 
considerably higher tian the usual value for organic compounds, 
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TUERMAL TELOMERIZATION OF TRICIILOROSILANE WITH ETHYLENE 


Academician A. N. Nesmeysnov, Kh. Fretddina and €. Ts. Chubovskays 


Coinpounds ef silicon which coutain an Si WH boud are capable of adding to double and tiple bonds of 
antaturated compounds, Li a previous paper [1], we presented a bricf review of such resctions (2-12). 


Recently, there lias been described the addition of uichlorasflane at tie double bond of acryloniaile, 
of Z-vinylpyridine, and of allyl cyanide th the presence of organic bates, and an foafe mechanism has been 
proposed far these reactlons (13, 14). 


4 


ae 
CH, CHR 4 CLStCH CUR 


where B is an organic base 


R N, CH,CN, 


Nozakurs (14, 15} found chat tetrapyridine nickel chloride catalyzes the addition of trichlorosilane to 
vinylurchlorosilane, to l-octene, and to styrene. Ih all of the cases enumerated, the reaction leads to a mixture 
two bomers, and Cily CH ~ R, where R SICIs, of 


Aq attempt by us to carry out Cie tclomnecrization reaction ts etalaless steel autoclaves using methyl- 
dichlorosilane, and uictiylilsue with eciylene and propylene in the preseace of benzoyl 
peroxice of tcitiary butyl pecoalle at a temperature of 100-147 and a pressure of 109-300 atm, falled, 


We were succes: fel La canying out the thermal te-pmerization of metiytdichlororilane with ethylene at 
a@ temperature of 200-279 and pressure of S60 eum, (1). 


Unées ticse conditions tiere wos formed a mixture of substances of tie struc tare CH,SICL (CHC H, 
of which compounds for which n ® 1-6 were Lolated Lidividually. 


* Li tie picscnt articte, we seport on the ticrmal telomertzation of wichlorosilane with ethylene. 


The reaction was carried out in a half-Mter autoclave of atcel, €0 g of Uichloros{lane was 
placed ti tie eutoclave, end, purging with aftrocen, ie ethylene was introduced, The reaction mixture 
was Leated to 289°; the maximum presiure was 200 atm, The reaction was ceried out In 2houn, In tls 
Ume, tie pressuse fellto 40 atm, The experlincat was repeated 4 times, end the reaction profucts were 
combined and subjected to fractional distillation, A total of 261g of trichlorosilane was wed, The welgne 
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of the reaction products was (41g, The product was fractionated in a colurnn having 15 theoretical plates, 
10 y of the origmal trichlorosilane wae and then 264 gy of Individual having the 
structiire where ns The residue (42 p) was a mixture obbig her alkyluichlorosilanes, 
The propertiesand victds of the alkytiichlorosilanes obtained are shown fie 


TABLE 1 


Nu 


3 | is | Lit, o 
1 | mm ! - 
i | j 14.45 
244 — 232/731 41.67 
| 10.58 
i 


For Calculated tin © 43.56; H 7.67, C1 Found in 
C4364, 43.712 17.79, 7.71; 


The telomerization reaction stucicd by us, just as the addition reactions described in the hterature, 
procecded by rupture of the sav Hf bond, as was substantiated by the absence of this bond In the compounds 
abtained | The structures of the alkybtrichlomsilancs were confirmed by molecular-refraction determinations 
ant alse by the preparation fron. dicen. of ti comesponding wimet:vialkylsflanes by Grignard reaction, The 
propentics of the obtained are paesentyd in Table 


TABLE 


Formula 


' 
| | W447 21.46 


See (LR for literature cata on the constants of these compounds, 


The yields of alkyloichforosilanes of different molecular weight shows a certain regularity characteristic 
ef telomerization reactions (also noted by us for the case of the tele. nerizatio.. of methyidichlorosflane with 
ediylenes: tre maxtmun: yield was obtained for the compound tor which n = 2 (25-26%). The ylelds of 
remaining alkyloichloresilanes decreased with an increase in the value of n , comprising 4} of the total 
produce fora = 5, 


t _| 
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SUMMARY 


The dicrmal telomerization of tichlerostlane with ethylene was carted out at a temperature of 270-265 
and a pressure of 200 atm, Of the mixture of products obtained, alkyltrichlorosflanes of the structurs’ 
I, where n = 5, were individually fsolated, and trimethyl derivatives were prepared 
by Gripmard reaction, 
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ON SULFIDES OF LAKRTHANUM 


Ww. Zweteva 


(Presented by Academician I, I. Cheenysev, Ocwher 12, 1956) 


Oaly one sulfide of lantianum, La,S,, is known (not counting LaSs, which dissociates et 620° with the 
formation of and Cie cata Ga lt are conuadictory. Thus, meling pelas from 2100-2150 [1, 3) 
2750° have been piven for ft, end It outward appearance has been Cescrlbed 6 blsck vitreous mass 
{4} and és hexagonal plates of a ight yellow or orange color (2). 


By snalogy & the ceslum sulfides (5, 6} it was that, tn addition w lanthznum sesquleulfide, 
lower sulfides exhst, partcularly Cre monorulfice LaS which should be higher melting La,s,, end 
could be lateresting as a highly refractory materlal. We prepared compound, end Investigated some of 
its properues, 


The startng materials were lanthanisn niwate and metallic lanthasum of the following chemical compos 
Con: > 99.5%, traces of Fe, waces of Si; 1a: RgOy © 99.6%, ln which La 63.7%, Re 
and Si 9.935 : 


20g of lacthanuwn nitrate powder wis chlorinated tn quarts ampoules with CCl vapor, 
which wes pacsed Uirough die powder ata rate Gf ebout $0 ce/ hour at £00 for Ihous, The CCY was 
preciied with phot us pentoxide, ang was tubsequeady tlple-cisulle 


The cilorinstion product a white, unsintered, ezystalline powdss with particle size tw 0.5 mim 
issolved ia water witiout leaving a and, by contained 43.2% Cl (ieoredczl content 
Cf ts 4.47, which Indicated complete chlorination, Owing to the catemely great hy 
the chioride, el manipuladoss wich tt were caries outta ea chamber 6a etn hese of 


The lantisnum ichtoride was wulfided ta the same quartz empoule at 200 tn a stretin of 
The Ume for 20 g was 3 hours; tie cate was 4 Uters/ hour. 


Traces of molsture In the hydrogen sulflde were frozen out in cooled with eofld carbon cloxtde 
mixture of benzene end Uquid nitcogen et the temperature ef tnciplent condenvadon af (— €3 ta 65°). 


Tie walfided product unstntered, erystalliins powder with verm{ition color and a paciicle tize to 0,5 
Ly cheuleal analysts, £5.4% (thecry tequlred 23.57), which corerponts to Cie fosinutla 
As Co fore earth sulfides, endergocs ta the grerence molsture, Thersfore, ai) 
with it were carried out fa a special “diy® chamber La an atmocjphere of which had been éried 


by pasioge Cirough Usp cocked with alucgea, 


Calcination of tablets of at 1700-2800" endera vacuum of 10 mam led toa change ta tu 
est: ginal colct to dark gray. (Tebicts with awelsht of g. which were grossed from pulverized Legh, which 
ha } beaa assed through @ mech sleve, were placed ta tantalum beaker with coveryand taptcly 
from tua “dry® chamber to the furnace.) The (a weight calclaation wes 0.67, ~ 3.36. Wid 
tepid cooling, cracks were fomicd on the samples, which strength of the matertal, 
easiysts of the gray product showed a lowes tulfer content cian tn the evictnal total of 
wht ch, by analogy to cestuin sulfides. apparently corresponded to the 
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On heating in the same furnace at 2060" for 40 minutes, the La,S, tablets mehted and vaporized. and 
there was formed on the beaker covers a sinall amount of condensate, lustrous black crystals. X-ray analysts 
Rave a powder spectrogram with well-defined, sharp Ines belonglug to a hexagonal structure of the type of 

cestum oxvsulllde 


Thus. partial vaporization and decomposition of LasSy occurs during heating tn a high vacuum at tempere- ~ 
tures to 100°, forms a new sulfide of the composttton which melts tn the range 1800-2000" and 
volatilizes readily, the vapor of which ts oxidized by the residual oxygen In a vacuum to the nonvolatile and 
higher melnng La,Q,S;. 


LaS was j;re,ared by reduction of La,S, with metallfe lanthanum by the “impregnation” method, For this 
purpose, porous Ceuctibles having a volume of 0.5 ce were prepared froin La,S, by pressing under a pressure of 
tonfem? and firtng In a vacuum of 10°4%- 10° > mm He at a temperature of for 10 minutes and subsequently 
cooling slowly, Metallic lanthanuin, previously puriffed from surface oxide filin, was charged to the crucibles 
In anmounts somewhat evceeding stotchtomettc, and the crucibles were then placed in the vacuumh furnace, The 
action of the Hiquld metal, which permeated the crucible pores by captiitary actlou, began at 1250°, but pro- 
ceeded very slowly, Good results were obtained at 1600° with a holding Udine of 10 minutes, 


The reaction product was 2 golden-yellow substance with a sulfur content ‘of 19.7% (theoretical sulfur con- 
tent of LaS ts 18.75%). 


X-ray powder spectropramns with lines belonging to only one cuble phase showed that this substance, tso- 
structural to CeS, crystallized with an Nacl-type lattice with an identity perlod of 5.83 4 0.01 kX, which gave 
a calculated density of 5.30 Thus, substance was identified as lanthanum monosulfide, Las, 


The microstructure of this LaS was two-phase; coarse, oval, yellow grains of LaS at the boundaries of 
which was distributed a Itpht gray case of lanthanum oxysulfide (judging from the weak etching in CH,COOH), 
Fsttmation of the surfaces occupies ow the two phases showed that the monosulfide had the composition: Las, 
95-9; oxnysulfide, The microhardness of the (yellow grains) by the Vickers method with a 20g 
was 1974 0.5 indtoates tte metalic character, Pleces of LaS did not melt when heated 
vider vacuuin ta 219°, 
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ON THE VALUES OF BOND ENERGIES OF NICKEL CATALYSTS 


WITH ELEMENTS OF ORGANIC COMPOUNDS 


S. L. Kiperman and Academician A. A. Balendin 


In solving the problem of the sclentific selection of catalysts, the determination of the energies of the 
bonds of the catalyst with various elements fs of substantial importance, Of the catalysts which cen be used 
for this purpose, we make reference to thermochemical, chemlbsorpuon (1), and kinetic [2] methods, The 
kinetic method has previously been used only for oxide catalyst (3, 4) Below, we present an attempt to ure 
this method for the calculation of the bond energies of nickel catalysts with clements of organic compounds, 
with the ald of reactions which have not previously been used, 


The bond energy of nickel catalyst with hydrogen, deuterlun, ay. We will use ortho- 
para -hydrogen conversion (1) and lsowpic exchange of hydrogen ies deuterlum (2), which were studicd by 
Fajans [5] under equivalent conditions at 36-100" C on nickel plate activated by alternate oxidation and 
reduction, The mechanisms of these reactions are still under discussion [6], Assuming that the Indicated 
reactions are limited by the InteracUon on the catalyst surface of adsorbed components (adsorption stage), 
we represeat both reacuions by the doublet scheme of the multiplet theory (7), and write the expressions 
for the heights of the energy barriers, E, of the reactions (2): 


— + = Ey. a) 
— Qu-n— Qn-n + + (2) 


H—H, “bn D and On uy ate the corresponding energles required to rupture the bonds In tie molecules.) 


Hence, taking into account the ratio ¢ =«— Ch) E (2), we have: 


paca 
Quem = — 
ar 
= (Qrin + Quin — — (2s, --¢,), 


where and are, respectively, the activation energies for Reactions (1) and (2), Substituting = 104,2 
keal [8}, = 105.96 kcal (9) (the difference of for ordinary hydrogen at 268,1° K and Is 
insignificant {12} 425910 caY mole, and » 7290 cal/ mole (5), we obtain §0.1 kcal 
50.1 kcal. According w an evaluation from thermochemica! data (10), = $5 kcal; Ellcy, 
using Pauling’s equation, estiinated Q 60,2 kcal (11). 


H-Ni 
Using the values ¢, = 7600 cal/mole and ¢, = 9500 cal/mole, which were obtained after a decrease In 
Catalyst act wity (5), we arsive at Qy 49-6 kcal and heal; a change in the activity of 
the catal, st has only a small effect on Qu-Nt and Qh - 
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} 
| 
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the seactlons are Matted by the stage (the mechantsan of Bonhoaffer 
and farkas then from the expresstons for the tage procew we obtala keal and 


We shall nes use these values of On for approxunate calculations of the energles of the 
bods ef catalysts with other cloments using other reacttous ti hydrogen is activated. assumtig 
that the transithe.: to other forms ntckel does not mtroduce apprectable changes tn On-NI and Op - Nir 


We use the data of Twigg 
on 1 the hydrogenation of ethylene at 20-100" © wernt kel wite activated a by alternate oxidatloa and 
duction, Here: 


where Is the activation enemy and is the energy for of one of the bonds of C C, Substituting 
8208 cal/imole [15], Voc 46.7 keal, 1O4.2 kcal and Onent $0.1 kcal, we obtain 
keal, According to an estimate Based on the ease with which varlous organic reactions take 


place (16), keal. 


For this same reaction at 20-160° C over ntckel file, according to the data of Jenkins and Rideal (14}, 


19200 cal/mole, whence, 18.8 keal. there ts little change InQ with the transf- 
thon to anoder form of nickel, 


Foe the Isotope exchange Dy (13) under the same conditions as tn [14], the activation energy 2 
17200 cal/enole tn this case, we have: 


where bs the enerpy to the (oH bond and ts equal to 90,5 kcal Q 
keal and the other values given above, we obtainQ: cont 23.2 keal. Eley by means 


already inentioned, obtained for the adsorptton (and not foe the reactton) the considerably higher value 
90.6 keal, 


be caleuleted trom the data of Morikawa. “Renedict and on the of ethane + 
oH titerval over nickel catalyst supported on kteselpule, For this reactlon 


where the activation energy 43000 al/ vole (15). Substhruting 66.3 kcal (8), 
beal, and the rematning values as given above, we obtain Qc 6. kcal, According to one estimate (10}, 
Qc yy heal. 


For the exchange Dy, which was studted tn (15), at 110-184°C; 


Substt.uting the activation energy @¢ 28990 cal/mote (15), 50,1 kcal, and other 


velues given above, we obtain ny kcal. Average -NI cal, 
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Fot this saine Lotope exchenge reaction over a more active catalyst “nickel (ime at higher tempera- 
tures (26-29 C), according to the data of (82). ag 2800 cal/mote;: whence 14.5 


energy of nickel atalyst with oxyped _ py: We use the data of van Mechelen end fungers 
who studied the hydrogenation of acetone tia an autoclave at temperatures of 106-156°C over skeletal nickel, 
The acttvation energy tye, 9500 cal/mote (foe other allphatic ketones, approximately the same values were 
odtalred). For thts reacttors 


Yon + Onn Qc (9) 


cy the energy dure one of the.C 


weal, 


bunds, and ts equal to 83.4 kcal (OL) Substituting O , CoN 
heal, and other values given above, we obtatn py 7 $4.8 kcal Ac cording to 


eure esthinate 0) 


NE 


Fee ie botepe cachange reaction CHJOH + CH,OD + HD, we have 


(10) 


the energy the HM besrd, and ts equal to 110.6 kcal (8). ) subetituting the activation energy 
8899 cal/mole (19) for ntckel (lms the interval O-41.5°C, 59.) keal, keal, and 
kcal, Durtng study of the cher:.sorption equil- 
Ibe of oxygen on ntckel catalyst by the method of reference [1], we obtalned for aberage coverage of the 
surface Dy ox. gen the value _ ay 56.1 kcal, 


the values given above, we obtain _ 


thou, which bas been studied over nickel films. 


Bor this reactlons 


where the energy to rupture the bond, equal to 34.3 keal (8), and ¢, ts the activation energy, In 
vattous works, depending on the activity of the ftlm, the value of ¢, varttes from 8700-9300 cal/niole (20) to 
14700-1610 cal/mote (21). Over the least active flins, the value of although obtained ta the tnterval 
"262300" C, corresponded, as Indicated by the euthors to the acthvity in the inttlal experiments at room 
teniperature Substituting In Equation (11) 16109 cal/mote fer the least actlve films (21) «$0.1 
- oO, kcal, and the other values gives above, we obdtaln 18.6 kcal. Accoiding to one 
estimate (10) (from a compartson of the ease with which the reactions occur) Q.,_.., 2 1B kcal. A change tn 
the acthyity of same catalyst 14700 cal/mole (21)) leads to : 20.4 kcal. For the more active 
9900-8700 cal/mole [20]), we obtatn On 27,6-28.4 kcal, 


As seen from the data pretented, the binedle method can be used for the determination of the bond ener- 
Ries of nickel catalysts with different elements ustng such reactions as ortho-para -hydrogen conversion, lsotope 
exchange. hydrogenation, and hydrogenolysls, These values are in general agreement with these calculated by 
acompletely different method (10) The bond energy is practically no different from Q,,_ (the 


ferenve between the rero potnt energles for and NI-D, 0,7 kcal (17), ts within the Minfts of sensitivity 
of the method), 


A variation tn the activity of the catalyat leading to a change tn ¢ of several thourand cal/mote has Hetle 
effect on the value of (), and, Ina number of cases, had little effect in the change to another form of catalyst; 


however aiwo-fold change In leads to a change tn Qn In almost all cases, for Minis ts higher 
than for other catalyst forms, 


It is that, using different reactions for the calculation of the same Q, we obtato approximately 


= 
a 
} 
Bead eneryy of nickel catalyst with nitrogen, We use the lrotope exchange 
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the same, and sometimes coinciding, values. Toe first approxtmattion, the method can be used for the calcula 
tion of bond energies for different forms of the catalyst. 


In some cases, the values obtained are lower than those obtained from thermochemical data (cf, (2, 19}). 
This indicates’. * the eurface compounds are less stable than tie corresponding compounds in the bulk, 


Using the bond energies calculated above for the calculation of the adsorption potential q (f.c., the sum 
of the bond energies of the reacting atoms with the catalyst) for the dehydrogenation of formte actd over Nis 


substituting 19.9 kcal, Qi $0.1 kcal, Qo-ni = kcal. we obtain * 174.9 kcal. On the 


—Ni 
other hand, we have; 5 


q= + Qo_n fio» (13) 


where the energy of activation, Noting from tables that 90.5 kcal and Qo = 110.6 keal 
and taking the experlmental value of ¢y = 19700 cal/mole, according to the data of topam and Kubokawa 
(23) who worked at 143-160°C, we can calculate q by Equation (13); this gives q* 174.8 kcal, in excellent 
agreericnt with the value found above by an independent route, 


In the present work, the following valucs of Q (in kcal) were obtained for the first stage reaction mechantsm 
proceeding over nickel wires. plate, low actlvaty (lms, or porous catalysts; 59.1; 50,1; 


In conclusion, we calculated froin these values of Q the valucs of the adsorption potentials, q, and also 
the energy barriers, E. using also the heats of reaction, u, and the sums of the energies of formation and rupture 
of the bonds, from the relation q-s/2¢ u/2 = (Table 1). 


TABLE 1 
Adsorption Potentials, and Energy Bartlers, over Ni (in kcal) 


1. p-H, of 0 | 208.4 | 200, 8.0 
o | 20.2 | 204 | 
Hy Call 15.9 | 165.9 | 00 | 10.9 
1V. 4D, = + HD 0 218.6 | 205.4 | 
V_ CH,COCH, + Hy = CH,CH(OLQCH, | | | 42.7 
+ Dy MED 0 10.3 | | 
VIE ID 0 196.5 | | 26/3 
VILL. HCOOH = Hy + CO, | 104.4 | $749 | 263 
IX. CH, + Dye CHD + HD 0 | | 

x. + 2Chy 5.3 4973.7 | 915.6 | S48 


seen that for the majority of these reactions over nickel catalyst, approximates 2, optimum, 
Reaction X fs the most difftcult to carry out, 


It ls noteworthy that the use of the kinetic method of determining bond energles tn simple reactions pro- 
ceeding over metallic nickel gives results which are close to those calculated from thermochemical data end 
from a compartson of the ease with which reactions of more complex organic compounds proceed, 


N. D. Zelinsky Institute of Organic Chemlatry Received October 24, 1956 
Academy of Sclences, USSR 
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A NEW ROUTE FOR THE PREPARATION OF TROPYLIUM 
AND METHYLTROPYLIUM COMPOUNDS 


- 


Assoc. Member Acad. Sct. USSR D. N. Kurssnov and M,C. Voipia 


Up to the present time, two routes, differing In principle, have been known for the formation of the seven- 
membered aromatic system tropylium (1). 


Doering and Knox (1) first odtatned tropyltum bromide (1, X 2 Br) by splitting out from eibromocyclo- 
¥ heptadiene, It was next established (2] that salts of carboxytropyllum (M1, R * COOH) could be prepared by this 
< same method, although in very small yleld (0.6%), The other method, which was developed by Dowar and 

4 Pettit (3}, was based on the easy tsomertzation of the norcaradiede system to the tropyllum system, Thus, tro - 
pylium tsocyagate was obtained by Curtius rearrangernent of the azide of norcaredienecarboaylic acid end 
the salt of methyltropylium (II, R = CH,) was obtalned from the ezice of methylnorcaradienecarboxylic acid, 


pra 


Therefore, tt was certainly of interest to substantiate the possibillty of the direct transition from the cyclo- 
he ptatlene (tropylidene) system (IV), with three double bonds, to the aromatic tropylum system, By epilttin 
off somehow a hydrogen atom with Its pate of electrons from a CH, group with the requlting transition cf tie 
seventh carbon atom from the state of sp” hybridization to a state of sp hybridization, cyclic conjugation of 
all six w -electrons of the double bonds should be possible, leading to the formation of the eromatic trepyifum 
system, Such a transition Could be similar in nature to the correzponding transition of cyclopentadiens to cyclo- 
pentadteny! anion under the Influence of elkall metals and strong bases, However, in contrast to cyclopentadiene, 


where a proton ts removed, a hydrogen with its palr of electrons (hydride fon) must be removed from cyclohep- 
tatrlenes 


In both cases, @ nonbenzenold aromatic system with 6 © electrons Ls formed, 


In tearching for a route for such a direct conversion of cycloheptatriene to tropylium salts, we studied the 
action on cycloheptatriene of a number of electrophilic teagena strong ectds, halogen derivatives, etc, Man 


of these substances reacted vigorously with the double bonds of cyclohepzatelene, so that the reaction forming 
tropylium wes hindered, 


Aa exothermic reaction accompanted by tar formation resulted from the ection of concentrated extfurte 
acid on-cycloteptatrlena, However, in addition, oxidation of the tropylidene eccusted with the fornetion of 
appreclable amounts of topylium salt (18% yleld)s 
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211,50, HSOT ¢ 21,06 SO, 


The formation of an aroinatte earbontum fon—tropyllum~by the action of concenteaicd sulfurle acid on 
cycloheptatriene fs similar to the formation af aliphatic carbontum tons by the action of concentrated 1,804 
on eaturated hydrocarbons with a tertiary carbon atom, Such an anslogy fs Indirect confirmation of the meche 
énism, assumed in the last case, of deutecluin exchange and other reactions (4}. 


Just as in the case of saturated hydrocarbons, acids which do not possess oxidizing properties ~concenus= . 
ted phosphoric ectd, hydrochloric actd-do not bring ebout the coavetslon of to tropyltum 
elther In the cold or on heating. Concentrated nlicic actd reacts with cycloheptatrlene very vigorously; (n this 
case, the formation of small amounts of tropyltum takes place. 


A study of the action of other oxidizing agents ou cyclohepratriene confirmed that the Latter fs converted 
Into uopyltum to some degree or mher by oxidation In acid medium, Thus, CrO, tn glactal acetic acid ca@a> 
verts cycloheptatriene to tropylum with a yleld of up About of tropyllum ealts ts formed by tee 
Muxing tropylidene with SeO, in aqueous dloxane in the presence of sulfuric actd. 


Such strong electrophilic reagents as boron titfiuoride and aluminum chloride should react with cyclo 
heptatriene, converting {t to tropylium according toy 


BF, -- > Cytiy” + (HBF,)~ 


However, BF, and AICI, react so vigorously with the docbte bands that, although the reaction forming tropyllum . 
proceeds, {t does so to a very slight extent, Heating tropyildene with boron utfluoride etherate forms shout Sp 
tropylium salts along with a large amount of polymer. About 18% of tropyltum salts were formed by Uie teac- 
tlon of tropylidene with anhydrous aluminum chloride, 


It would be expected thar halogen compounds of elements with variable valence would be able to ab- 
stract.a patr of electrons from cycloheptatriene, converting tt to tropyum, Actually, developed that phos- 
phorus pentachloride reacts extremely readily with cycloieptatzleae., This forined tropylium chloride, and the 
plosphorus pentachloride was reduced to the trichloride: 


The reaction proceeded with practically quantitative yleld at room lenrperature, and was not accompatnted by 
tar furrmation or any other side reactions, 


This reactlon of cycloheptatriene with phosphorus pentachlaride can serve as an excellent preparative 
method for the preparation of salts of tropylium and tts derivatives, Advartages of this method are the high 
yleld of tropylium, the mild cond{ttons, and the stinplicity with which the reactton ls carried out, Increased 
ylelds of tropyliur chloride are favored by an excess of PCI, and by carrying out the reaction without heating 
and in an inert solvent. The tropytium formed ts best separated by converting ft into the difficultly soluble 
perchlorate, chloroplatinate [5], of fodide, rather than as the unstable and very hygroscopte tropyltum chloride, 


The method developed was also used for the preparation of salts of methyttropylium (11, R* CH;). The 
reaction of methylcyclohematrlene with phosphorus pentachloride proceeded very taptdly and smoothly tn the 
cold. Methyltropyttum chloride was obtained and converted lito the difficulty soluble methyltropylium chloro- 
platinate, At the same an attempt to prepare methyltropytium salts by the method of Doering and Knox 


{1} ted only to the formation of tars. The preparation by this method of other substituted tropyHuins to betng 
studied, 


As would be expected, phosphorus trichloride, In contrast to the pentachloride, does not convert cyclo- 
heptatiiene to tropylium, Nor docs tits reaction proceed with phosphorus tribromtde, Phosphorus pentabromide 
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readily dissoctzies under ordinary conditions; therefore, tn kis with cycicheptatstens bromine fa teadliy 
added without the formation of uepyHeuta bromide, 


The reaction of cycicheptatriene with eulfuryi chloride proceeds efmflarty to the reaction with phospiorus 
pentachlorides 


CyH, + 80,C1,—» + Cl + 80, ¢ HC 


This reaction gives 2% tropylium salt; however, the reaction & eccompanted by the formation of eppre- 
elable tar. Thiony! chiorida docs not react with cycloheptatriens. 


Thus, it was shown that the ection on cycloheptatriene of various electrophytic reagents (H;SO,, ENO, 
C10,, BF,, AICI, SeO,, 60,Cl,, and PCI,) epilis e paty of electrons and an atom of hydrogen from tie eycloe 
heptatriene and converts to the eromatic topylium system, The reaction of cyclohepeatricns (and deriva- 
tives) with phosphorus pentachlorids can esrve a3 a method for the peeparetion of tropyllum éertvetives, 


EXPERIMENTAL 


The initisl cycioheptstriena was peepared by the photochemical reaction of benzene with dlszemethane 
After distillation in a column of 40 theoretical plates, a fraction was boiling et 116.9+127,0°/744 
mm, 1.5228, containing cycloheptatriens eng toluens. 


Reaction with Sulfuste acid, 0,009 g of was added, with cooling end girring, to 2 mi 
of concentrated sulfuric actd. The red sclutica stood for 10 days at room temperature, end wea then carefully. 
diluted twofold with water while cooling. Tropylium chloroplatinate was precipitated from the sclutioa by 
the addition of chloroplatinic acid. The peectpitate was {Utered, washed with alechol, and dried. Tha yleld 
of wopylium chloroplatinate was 0.048 g (16% of theoretical). 


In the expertments with CrO,, BF;. HNO,, &O,, and $O,Cl,, the tropyllum salts formed were 
similarly tsolated in the fozm of the chloroplatinate, 


Reactton with Phosphorus pontachloride, Ina flask fitted with a stirrer and reflux condentor, the latter 
being protected by a calcium chlorides tubs, was placed 4.1 g (0.02 mole) of PCI, and 40 ml of CCl, and, 
while string, 0.91 g (0.0003 mots) of cycloheptatrisne In 10 mi cf CCl, was added. Immediately, a copious, 
white precipitate began to form. The reaction mixture was stirred sbout en hour, and wes then reNuxed for 15 
minutes, After cooling, the reaction mixture was rapidly suction{fitered fn a funnel, washed with CClz, end, 
with cooling, was treated with 4 mi of water (vigorous reaction), The resction Mask and the funnel were washed 
with a small amount of alcohol, The aquecus alcohcl solution cbtained (the CCl, layer en the bottom did not 
interfere with furthes operations) was treated with a slight excess of SO NCO, Immediately, a copious pre- 
Clpitate of tropylium perchlorate formed, which, after cooling, was fLitered end washed with cold alcchol, The 
perchlorate, without recrystalligation, wes suffictently pure for further work, The yleld of tropyilum perchlorate 
was 1.49 g (80% of theoretical), Additional tropyllum was precipttated In the form of the chloroplatinate by the 
addition of H,PtCl, to the filtrate; yleld, 0.30 g (10% of theoretical), The total yleld of tropyilum was 907, 


When this same reaction was certled out without heating, but with 2,5-hour stirring and standing overnight, the 
tropytium yleld reached 95%, 


In speclal experiments carted out for the purpose of identification, the tropylium chloride formed tn the 
veactlon was fsolated; it was a hygroscopte substance, readily soluble in water, which, efter recryztaliization 
from nitromethane, melted at 97°, According to the Iterature dats (1}, it melts at 102°, The equsocus solution 


Bave a positive reaction for C1~ (tested with AgNO,) and for tropyifum lon—formation of precipitates with 


Found C 28.20, 28.34; H 2.61, 2.49; Pt $3.21, $2.09 Cy rt, PtCle. Calculated C £9.49; 2.99; 
Pr $3.08, 


Methyleycivhepeatriene, the starting matertal for the preparation of methyluepyltum, was syntiestsed by the 


Photochemical reactica of toluene with diazomethane, Distillation tn column teotated fraction (D.p, 
139.0°/730 mm, nj) 1.5114) contalaing 70% The reaction of 


with PCI, was carried out in a matiner enalogous to that described above, Alter a l-hour standing at room 
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. tempersture, the prectpltate was filtered, end the methyltropylium formed was converted to the chiczoplattnate ~ 
yellow precipitate difficultly soluble In water and still more difiteultly eoludte {i eleohol; asa 
tempersture of 140°, The yield was 50%, 


Found ‘he (31,27, 91.22; H 9,20, 9.24; Pt $0.89, $0.75 Calculated C $1.08; £1 9.99: 
Pt 31.58. 


Institute of Elementoorganic Compounds Recelved Ocicher 16, 1957 
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A 
SYNTHESIS OF 4-ALKYL-1-A ZADEHY DROQUINOLIZINIUM SALTS 
ies Academictan A. N. Netmeysnov, M. I. Rybinskays 
and N. K. Belsky® 


5 : In 8 series of works, published by us and N. K. Kochetkov and co-workers, the syntherls of a number cf ni- 

trogen and oxygen heterocyclic sy@eins was carticd out (1-10). In this work, wo started with g-chlorovinylks- 

+ tones ot closcly relared derivatives. For soma tims past, the attention of tnvesilgstors has been more and more ig 
| sttracted to the tynthesis of condensed aromatic heterocyclic rystems fa which tho hetero-stom isan emmonium 


nitrogen common to two rings, In particular, dehydroquinolizinium ealts(D. Ia contres to quinolina end 
quinoline, the chemistry of the dehydroquinolizintum loa (11-15) has been Little euclod, In ths present work, 


we carried out the synthesis of a number of derivatives of now concemed hetero- 
cyclic system, the aza analog of dshydroquinolizinium (ID. 


hydroquinolizinium sslts wero obtained by us from and 

acetals, Tho letter were prepared in good ylelds from by 

x- pe the method dsveloped by us together with N. K. Kochetkov (14). 

a We found that g-ketoacetals enter Into a condensation reaction with @-amino- 
pytidine. In this work it was established thet the scetal group eters imo ths 

action, tince both the dimethyl acetal and the dicthyl acotel of acctoacetaldehyds gava the tame condensation 

i product, namely 2-acetoacetalaminopytidine 


+ (R,OICHCH,COR where R CH,-; R, oan 


The 2acylacetalaminopyridine was @ coloticss of slightly colored material which was difficult to crystallize 
from various organic solvents, 


i Under the influence of concentrated acids the products of the condentation of a-aminopyridine with all- 
ry phatic g-ketoacetals cyclized with the elimination of water, forming @ new heterocycile system— 4 elkyl-1- 
é azadchydroquinolizinium salts, The best results were obtained using perchloric and hydrobromle acidss 
where XerRr, C1O,, 
eCHCH,cOR 
yt 


oN. K, Beltky carried out the spectroscopic part of the work, 
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However, such cyclization did not occur whete In attempts to carry vat this tcaction with aqueous 
acid, acetuphenone and a talt of a-aminopytidine were obtained, aud q-amtnopyridine hydrobromice end 
benroylhenzene were obtained under the Influence of gaseous hydrogen bromides fa ether. 


Tho salts were crystaiilus substances, readily soluble in wastes, modes 
tately to in hot alcohol, end insoluble In ether and benzenc. The perchlorates were more stable than the 
mides. Tho tructure of theses salts did not doculorive a dilute wlutton of potassium permangenate, end, can 
sequently, did wot have nonaroimatic double bonds, 4-Mecthyl- t-azadchydroquinolizintum bromide was cieayed 
by the ection of alkali with the formation of the ottginal 2 acetylacetalaminopytidins, Apparently , enbstitution 
uf the anion by the hydroxyl group occurs firs, followed by cleavage of the ring. Thus,during cyclization of 


acylacetalaminopyridines tn actd medium, tcarrangement doct not occur, and, comequently, the alkyl eubsil- 
tuent occupies the 4- potitlon, 


During catalytic hydrogenation over platinum, 4-methyl-1-azadehydroqulnalizinium bromide absozbs five. 
moles of hydrogen, which indicates the presence of five double bonds tn the two condensed tings, €-Kethyl- - 
hydrobromide was formed in the hydrogenation. 


Absorption spectra in the ultraviolet region were taken of aqueous solutions of the sstts( Fig. 13. The abs 
sorption curve of the I-azadehydroquinulizinium fon was very characteristic and had six mexling (A grisx’ which 
agreed for all of the salts used $36, 318, $12, $04, £74, and 
223 my (Fig. 1). From the spectral data, tt is seen thar the 
character of the spectrum fs éetermined by the ezacchydro- 
cuinolizinium nucleus, 


The region of absorptton and the character of the tpectrum 
of this nucleus Is very ehmilar to the tegion and character of 
the absorption of quinoline and troquinoline, which also serves 
as confirmation of the structure propoted by us, Of course, the 
socond nitrogen atom introduces tome difference. The abscrptica 
spectruin of the azadchydroquinollzinium nuctcus, yust the 
absorption spectra of quinoline (15) and troquinoline (16), ts 
divided imo three parts: 1) in tho regton of 850-290 my thera 

several narrow and sharp absorption bandss 2 a broad band 
at a wave length of \@232 mys 3) broad and intense band 
ata wave length of 222 my. The distribution of intensities 
among bands is also similar, For all of these compounds, the 
intensities of the group of bands et 350-290 my end 282 my 
differed little from each other, the short wavelength band at 
228 my is fat mers intense than all of the others. 


EXPERIMENTAL 


2-Acylacetalaminopyridines 

nopyridines). The 2-acylscetalaminopyridines were prepared 
by heating a mixture of 0.11 mole of a-amiropyriding and . 
0.1 mole of the appropriate g-ketoacetal tn sealed ampules 
to 140° for 5-6 hours, After opening the amputet, the ctystale 
lized reaction product was removed to a porous filter, ed 
washed several times with ether, The acylacetalamlnopy- 

Fig. tidincs were recrystallized from acetone of a mixtusa of alco- 
hol and petroleuin ethar (Table 2. 


: 4-Methyl-1- azadehydroquinoltzint um bromide, 1g of 
2-aretoacetalaminopyridine was dissolved in t.2 ml of concemrated hydrobromic acid. To the “tolution was 


added alcohol and then ether until a precipitate formed, The precipitste was filtered capidly, and washed with 
& mixture of absolute alcohol and ether (1310) and then with absolute ether. Tha yleld was 1.8 ¢ (75.8% of 
theoretical), decompoied 204-205 (began to darken at 170°) afier rectysallization from elcobal, 
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Fourd C 67.823 67.043 844.005 Cet C 43,089 4,023 
2.443 Br 85.65 


tnolisinium perchicrate. Amitxturs of 1.2 g of end 
2 ml of 1053 paichioric ecid was hesicd ca a wetor bath the precipitate completely end then 9 
mi of absolute was The precipitated colstlets crystals were fttered end washed ca tho fitter 
with absolute elechol, The ylold was 1.4 (17.2% of theorsties). The colscless crystals wete lameilas. They 
decompored et 225° (bogas to darken at 20%) aftes cocrymalitzetion from 60% methanol, 


Found C 44.143 46.179 H 9.683 9.693 N 12.623 228.653 Cl 24.635 14.32 Calculated Gt 
C 44.253 11.463 Cl 14.43. 


é-Ethyl- bromids. To 1.3 g of & proplonylacetalamtnopyzidins wea added 2 mit 
of cancentiaicd hydrotcomic ecid and then 1 mi of elechol end 25-80 ml of ether, Tho yleld was 1.1 g (64.0% 
of thecretical}. Afters recryzaiiization Lom e mixtuto of al- 
TABLE 1 cohol ether, the cream-colored cryitals malted a7 210-217. 


Found C 49.03; 60.103 H 4.603 4.60 


4-Alkyi-t-aza- Calcvuisted C 60.003 H 4.60 


de 


€-Erh tinoliztntum perchlorates, To 
0.7; 6.03 of ldina was added 2 mil of 70% 

6.023 poschloric ecid end then of absolutes atcohol and 10 ml 
ofethes. 1.09 ¢( of theoretical) of d-ethyl- leszadchydrg- 
quinolizinturn perchlorate wes obtained. After receystallizae 
tion from methanol, the coloticss lamollas matted at 


& 
169-179. 
43; 3.8 


Found C 46.603 43.423 H 4.23, 4.25; N 10,61, 10.05; 
Ci 13.78, 13.65. Calculated Gs C 45.42; 
tt 4.25; N 10.£3; Cl 13.73, 


perchlorates, To @ 
solution of 1 g of 2 mbutyroacetalaminopyzidins fa 1.5 ml of 
10% perchloric acid wes edded 10 mi of absolute alcohol, end 
then ebsolute ether was added uretl precipttation was complete, 
The yleld was 0.95 ¢ (64.27% of theoretical), m.p. 145°. 


Found 4%: C 48.67; 48.413 H 4.795 4.753 N 10.213 10,04; 
CH 12.61 Cl, Calculated C 40.57; 
H 4.773 N 10.233 Cl 13.02 


The action of alkall on «- methyl-l-azadehydroquinoizintum perchlorate. To en equoous rolution of 2.3 
g of & methyl- l-azsdehydroquinolizinium perchlorate was 0.4 g N2OH fn 7 ml water, end ths erire 
mists was extracted ecveral times with benzens. The benztrs extract was wathed with water, and over 
sodium sulfate, The bonzona was evaporated under vacuums ths crystalline sesidua (yiold 1.4 ¢) had a m.p. of 
UT, A mixture of a tampla with 2-ecetoscetslaminopyridine melted without Cepression of the melting potra. 


wee 


Hydropenation of bromids, 1g ef 
bromide in solution tn 150 ml of alcohol was hydrogens ted in tho presence of platinum black (200 mg) at room 
temperature and etmorpharic Five molos of by ydrogen wes Tho 
quinolizine hydsotzomide obtained was difficult to purify, therefore, it was idamified es the pictata, m.p. UP 
(from sicohol), 


Found N 18.155 18.18 Calculated 16.19 
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0.6 6.77 
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4.8; 9.25 

0.8; 0.8 

i 0.6; 1.8 
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TABLE 2 


7 
= CHCH,COCHy N 07.40; $7.08] 47.28 
CHOC 
tr | 49.6 
WN 19.89 WN 6s 
CHLOC) 
ws CHOH COCs 
Bop. 13 -125419 mm 127-1204 89.6 
ab 1.535 12.47] ON 12.29 


The suthors express thelr deep apprectation to M. A. Ekonomova, who took pa: tn this work, 
ale “ie ol 
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thoxytipheay! phenyl ketone (ID and p-eminobiphsxyl phenyl ketone (IV), this effect ls wansmitzed through the 


ON THE NONCOPLANARITY OF BENZENE RINGS IN 
DERIVATIVES OF BIPHENYL 


1. Ya. Postoveky, L. F. Treftlovs, Yu. N. Sheinker 


aod 8. G. Bogomolev 
( Presented by Acedotician I. N. Nszarov Octobe 16, 1850 


It bas been established that the benzens rings In ths bipheryl meicculs fa ths cryzalline Ue tn or 
planc in spite of partial overinp of tho epheres of the hydrogen etoms (in ths estho positicn:) (1), Evicontty, 
coplanarity of eryzallins biphenyl depend ds oa epectal corditices of packing of the molsecuics fn ths czystal, 
the exergy involved in the comprescion of ths tpheies of the hySogen being by the edvemage 
of planar configuration (7), At the same time, {s known thet the phony! groups ere ia 

and gascous biphenyl (3, 4}. Neacopleasrity cf tha tiogs ia ths of tn tha ottho 
potitions hss aleo been chown for 8 mamber of biph ia tolution [5-6] ca the 
of such Ccrivatives in the cryalling esate fs, however, lackic 


Ove of ths posible routes for this question bs spectroscopic investigation tn tha infrered region of 
crystals of compounds of biphenyl. in the presera work, this method wos ussd foe tra @udy of biphery! ketone 
of the following structuress 


@) 


In biphecy! p- antsy! ketone (D ond biphecyl p-aminophecyl (1D, the elecerea effsct of the 
methoxy amino groups Is to the ketoms group through tho tings, whils both 


biphenyl 


It might bs expected that if the benrens rings In biphenyt &fe rot coplanet, the of the 
thoxy and amino with ths carboayl group in Compounds and IV, owing ta elatuptica of coasygation, 
wil) be lors thaa ta Compouots | end Il. In to confirm this, {2 was nocewary to charectetiza tho 
which occur to the effects of thers groupe on the carbonyl eflont trough the 


phenyl and biphenyl syste For this purports wo the dsterminstlon of the frequancy of the wal: 
of the cartony! tho infrered epoctrum. 


At ls well known, the frequency of the valence vibration of ths thifts in tho lorg 


ditectinn with ea increses In the g -electon isterection of the casbony! group with ether electron €oncs groupe 
in the inotecule (9% 15). In conformity with this, che Gequency ef the vits the carboryl Cone 


puurd | mus be lower than ia Compound and less lp Compound than la Compound IV If te tli Boe 
coplanas, 
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An Investigetion of the kctones tn dioxane solution wat cartled out slmultancously with the epectroscapic 
Inve gigation of them In the crystalline wate. 


Poletogtaphy was sso used for the investigation of the solutions, tt is known that during teduction of kee 
tones at the dreaping mercury electrode, the half-wave potential (@,4) becomes more negative with en fr 
ereass In g eclectron conjugation, with an increase tn the effect of ths electron donor group ea the 
group and an Incressa tn the electron density at the latter (4). From this it follows that ta Compounds 1 end 
IV, ip the event of rencoplanarity of tho rings of the bipheny! radical when conjugation will bo les, Os, will 


be more positive then in Compounds I and WI. In the evcot of coplanarity, the values must be equal Gf mu 
change in the opposite direction. 


Besides the Indicated bipheiy! ketones (I-IV), the cctresponding benzophenones were used in tho invegi- 
gation fos purposes of comparizon (sce Tables 1 and 2. The spectra were taken on an tnfrated ipoctroe 
meter in the 5-14 g region with an NaCl prism ard, for the ainines, also inthe ®5y regton with an Li? prism, 


The materials were used in the crystalline gate (in the form cf a suspension in Muorinated hydrocarbon 


ard in solution In dloxsne. The accuracy of the determination of the vibzation frequency of the carbony! group 
was 


The polarogrephic investigation was catried out with a Heyrovsky micropolarograph and with en ammonia 
cal buffer (pH The accuracy of the determinations was 0.005 v. 


All compounds were synthesized by Mterature methods, and were recrystallized to constant molting poima, 


TABLE 1 


@ with respect 
to nor, cal, elec, 


(fa ammeniacal 
buffer, pH 8.4) 


1.360 


-1.420 


Products insoluble ju 


The results obtained ere pretented in Tables 1 and 2, For iMustration, curves of parts of the infrared tpec- 
t8 of the methoxy compounds (Fig. 1) and the polsrograms of the amino compounds (Fig, 2 are given, 


Atscen from the data of Table 1, the effect of the electron donot “OCH, — group was 8 decrease kn the 
charectetiaic vitvation frequency of the C@O group. The samc effect was shown by the Nii, group(Table 2, 


Ia Compounds Il and IV, where theses groups act thiough the biphenyl systein, this effect was practically 
waobestved, and the value of yC #O tn these compounds was aimort equal to the value of yC © O for untubat- 


tuted biphenyl phenyl ketone. The decreases in the valucs of yC #O wat observed for the compounds both tn 
wolution and In the crystalline state, 
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Compound 
Sq 
1651 - 
- S-ocn, 147/163 | 
1642 | 1647 -- 1.605 
1653 | 166) | —1.275 
cnyo- 1642 | - 1.340 
= 


All of the compounds with methoxy and amino groups had a erong, sharp band inthe 1855-1060 em! 
region, which mest be related to vibratious of the benzons tings 


The ecesidersbdle difference etecrved in pC @O for emincs in tho crystalline gate end in dioxsns 
is duc, evider’ to tntermoleculaz Intcractton of tho Nit, and groups by booting, which 
creares fn dloxens solution, 


The absorption bends of tha C end NH; in the 
benzophenone emincs coincided, tincs the ebcorption band of 
the valence vitration of aC @O group conjugetsd with the Bs 
ting overlaps the band for the formsticn vittation of an 
group in &n aromatic ring. Caly in tho casa of 8 com 
sequence merely of the ImigriNcant tatcraction of these groups 
through ths biphery] radical (in Cioxens soluticn), was a to- 
cond band observed et 1622 which mua be etcribed to 
dsformation vibration of the Nily group (the vibration Goquency 
of the NH, group tp aniline fs 1623 em™4), 


Thus, from ths MR esta ft can ba concluded that the mu= 
tual effect of ths groups In ketones 11 and IV, toth fn solution 
ard in the crystalline esto, is through the biphenyl 
sytiom to a contiderably extent than in tho 
pheny! ketones, 


Tho dats of the polsrographic reduction ers in comp!ste 
agreement with this conclusion. As fom Tabies and 2, 
the effcct of the electron concr groups, end NH, 
mitted through a benzene ting ls epparcct In 8 certain dikicg 
of in the direction of mote negative valuss, At tha tame 
time, fh ketones and IV was obeerved dzcreste tn con hue 
getion and an impedzace In tho transmission of tho mutual 
effect through the biphenyl 


Fig. 1. Infrared epectza of biphenyl! p- 
antsy! ketones (D) and p- methoxy biphenyl 
pheny! ketone (IL). 
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4 | TABLE 2 
4 
geri 
it 
| 4635 | 4649 | 1648 |—1.450 
4 1653 | 4600.) — 
q £7 1652 | 1664 | 1622 |—1.275 
| 221 


t J 
Gy 


Fig. 2, Polarograms of biphenyl p-amitopheny! ketone 


(11D snd phenyl ketone (IV) (with the 
addition of gelatin). 


All of tho data presented here on the impedance to the transmission of the mutual effect of tho groups In 


ketones asd IV can do considered a2 Indicating the moncoplanarity of biphenyl! thess compounds, both In 
solution end ih the crystalline tats, 


S. M. Klrov Ural Polytechnical Inaitute Recelved May 25, 1958 
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KINETICS AND MECHANISM OF THE LIQUID-PHAE&E OXIDATION 
OF DIBENZYL AND DICYCLOHEXYLETHANE 


R. Sergienko ond N. Ye. Chersyak 
(Presented by Academician A. V. Topchiev September 19, 


Oxtdaticn of the hydrocarbons waa carried out glace, cloead circulating syzein by bubbling ozygea 
through the liquid chargo. Tho ebeorptioa of oxygen dising the reaction was checked by the docrsasa ta 
in the sytem, end ovez tpecific time imerval 8 measured amour of oxygen was ecdod to ths to talng 
the preccure up to the original velus, At the concludon of an experiment, the product Com the teaction 
was analyzed foe content of the original hydrocarbon ( by edsorptive ecpatation on ellics gol) and eso for pore 
oxides, acids, end elcohol:, by potemlometric titration (1), and for benzaidshyda, by polarography (2), 


Fig. 1. A) Kinetico of the absorption of oxygen during oxidation of 
diteesyl (rolid curve) end dicyclohexylethane (dashed curve). 8) 
Serilogarithmic plot of absorption curves for oxygen during oxtds- 
tion of clbsazyl. 


The oxidation of diboazyl was carried out at temperatures of 110, 150, 140 and 160 (Fig. 1). The & chapod 
Cutves end the fact the terallogarithmle plots were Mnoar In thels Initial portions lodicate thee the seactica 
proceeds by 8 chain mochentan with éegenarate branching Ths valua of the ectivetion encrgy et tho ba- 
ginaing of the extdatton process was £9 keal/imoto, Curves, presented in Figures 8 end 8, Caowlrg the coatump- 
of bydsecorboa end the sceumulation of imermediata wad Maal products of the extdation of 
ayl et 110 end 140? ths qualitative milastty of tha courses of tha process ot both tompersturea, In the 
initial aga of the cxidation, practically. nothing but poroxides were ebsesved ta tha rosction products, tho 
Curves thowing thelr formetion practically coinciding with thoes for the sbeorption and the conmmp 
of which ts direct evidence of the fosmetion of cibenzyt Tho other oxids- 
tion products were forrmed a6 result of the escomporizion of this hydroperoxide and subcaquem of 
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of the rewilting productt, as Is evidenced by the following experlmem, Oxtdatloa of cibenzy? was carried to 
tho poira of formation of the maxlmum emourt of peroatds (Shout petlod)y was thes whettuted for 
the ozypra in the system, end the heating was continued ta the nitrogen for Shout, Analysis of 
the resction mixture tn this expeelment dhowed thar peroxtdcs were aboont, owing to thelr 
tition, end: there was comesponding Increase In benzaldehyde and alecho!, The ectd comen temeined 
at the esme level es during tho Shour oxidation, tha 
oxygen tequired for the further oxidation of the bemzalichyde 


and alcohol forrmed by the decomposition of the pesoxico was 
| | ahem from the sytem. 
t After the oxygen abuxption slowed down, its Comtumption 
proceeded at a constant, very tlow tate, an order of magnitude 
| | below the maximum, The addition to the reaction mixture of 
fresh dibenzy! up to the original amourt, f.0., 10 g, at thts 
| tage of the oxidation did not locreass tho oxygen ébsosption 
tates overt a period of 110 hours, oxygen was absorbed at 6 
3 uniform tate of ~10 mi/heur, while 4.5 g of cibenzy! was 
- consumed during this pertod, From these expetimenta tt fol- 
i} | i we H -Jows that, fire, inhibition of the oxidation was caused, not by 
Pa Con consumption of the initial dibenzyl, but by the formation durtng 
carbonyls eroxides the teaction of substances Inhibiting oxidation, end, second, 
(se sker the &ppoatance of thass substances In the oxldarion pro- 
ducts, the reaction proceedad by a differen mochantam then 


tn the inital period of oxidation, The addition to tha Initial 


hours of small amounts of testy tubstances formed ta pre- 
ceding oxidation experiments strongly inhibited the oxidation 
teaction (Fig. @. 

fig. 2. Kinetics of the consumptton of the 

@tiginal hydrocarbons and of the eccumu- 

lation of imermediate products in the 

dation of dibenzyl (tolld curve) and dicyc- 

lobe xylethans (dached curve) et 117. 


In eddition to the experiments in which tar was added, 
experiments were carted out with the eddition of dificrens 
intermediate products of the oxidation reaction (fig, The 
addition of benzyl elcoho! and benraltdchyds prior to the be- 
ginning of the reaction inhibited tho oxidation of dibenzyls 
the addition of these subsances during the oxidation had no 
subsiartisl effoct on the courte of the reaction, The addition of hydroperoxtds prtor to the beginning of the re- 
action mrongly ecceletated it. Thiseffect of tha eccelerating ection of the addition of peroxtds epprared 
when the sddition wae Insde et a mayo when the oxidation reaction was elresdy mronmgly Inhibited, This tettor 
Circumstance indicates that just the hyvroperoxide ts retponsibie for tho sutocstelytic charectes of tho proceta 
of the oxidstioa of cibenzy! tn tho firm gage, end that the Inhibitor formed dising the courts of the reaction 
acts on the petoxice radicals eo thet hydroperoxide cannot be formed, Consequently, efter decomposition of 
the hydroperoxlda syallabte. ta the reaction products up to this timo, the positbility of chain branching bs loa, 
and, therefore, in the succeeding megs, the reaction does not proceed by branching end docs proceed with a 
congarnt tate which bs substantially lower than tho rate for the chain teanching teactton, 


On the bacs of the experimental data presemed, the following tadical-chaln mechenisn can bo proposed 
the oxidation of dibonzyls 


On 


' 
Moi 


: 
5 
ad 


4) Hy - > CHC O + ON + GHC. 
i 


6) + tnhibicor + RIO’. 


C,H,COOH: end 


7) + CH, CH, ROH + CH ,CHCH 
8) breaking 


The oxidation of dicyclohexylethans was cerlod out et temperatures of 110, 120, 130 end 140°, This re- 
ation also proceeded sutocatalytically, dsveloping tp tha pettod according to an exponential lav: (sce 
Fig. 1). Ths value of the activation energy et the beginning of oxidation was 30,7 kcal/mole, Tho rate of 


~ 


Whours 


Pig. 3. Kinetics of the conurmption of tho Fig. 4. Effect of the advizton of lmormedlste 

initial hycrocesbona and eceurnulezton of products on oxygen absorption duriig the oxl- 

imemmsdicts products of the oxidstlon of dation of dibenzyl et 140°s 1) without eddi- 

curved and tion, 2 0.025 g of tars prior to beginning of 

ethane (cached curved et 160°, teaction, 9) 0.09 g of tars price to begineing, 
4 1g tars prict to beginatng, 10 mmole 
prict to beginning, €) 6.6 mmole 
Cet CHOU prict to beginning, 1 6 mmole 
CgHCHO 3 hours efter beginning, 0) mmole 
3 bowrs after beginning, 0) 9.6 
mmols hydroperoxide pric? to beglaning and 
1.3 mmols efter dowlng of the maction 
(the part of the curve masked with &). 
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oxygen adaxption gredusily decreased after attaining maximum, was possible to Increase the ate 
what by tho addition inte the reactor of freth portions of the Initial hydrocasbon, but, even ti this caw, the 
teto wes elmo 9 times lower than the maxlinum, Thts Indicates that retardativa af oxygen absorption was 
Caused fot to much by the consumption ef the original hydrocarbon as by the appearance in ths 
ducts of eubstances intibidng oxidation, However, the addition to the original hyurocerbon of 0.5 g of oxidation 
products inso In tt (and in petroteum ether) had pracucally no effect on the kinetics of oxygen 


these products of the oxidation of dicyclohexylethane were not Intibitors of the reaction. In exp ectments 
with the addlttor a to the original hydtocarton of 0.1 g of ters obtained ducing the oxidation of end wich 
Inhibited dibennzy? oxidation, there wes a S-hour induction period, after hich oxidation proceeded at tha mual 


tate, The dark color of the dicyclohexylethane, cawed by the addition of the tar, greduslly disappear d, witch 
was direct evidence of the gradual —" of the added tar in the Induction peziod, 
The mmall amourt of peroxide campourds, in comparison with the amoum obtained tn nthe oxidation of di- 
benzyl, can spparemly be explained by the lower thermal @abliity of dicyclohexylethane hydroperoxide to 
comparison with dibenzyl hydroperoxide, 


The greater oxidation rate of dicyclohexylethane, in coinpariton with dibenzyl, at equal acttyation energics 
at the beginning of the procets Can apparently Bla bo explalned by an Increase In teaction rate tn the oxidation 
of dicyclohexylethsne owtng to the Jower rabllity of the hydroperoxide, 
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ON THE MECHANISM OF THE OXIDATIVE CONVERSIONS OF 
METHYL ALCOHOL, FORMALDEHYDE AND FORMIC ACID IN 
THE VAPOR PHASE IN THE PRESENCE OF TIN VANADATE 


B. V. Suvorov, $. R. Rafikov, V. & Kudloove 
and M. Il. Khmure 
(Presemed by Academician B, A. Arbuzov October 3, 1956) 


During the vapor-phate oxtdetion of elkylbenzenss over vanadium catalysts, considcratie amounts of te- 
latlvely low molecular welght compounds, chiefly formaldehyde, carbon monoxide, and carbon dloxics, ara 
formed as by-products (1-3). In a number of cases, espectally during the oxidation of bonzens homologs com 
taining an tsoptopy} group (4), the formation of methy! elechol, formic ecid, ane othes tubaancea may als be 
expected. Tho mechanism of the formation and further conversions of such *Zagmonzs® has been lasufMclemly 
wudied, The available data unequivocally indicate only that of the compounds camed above, tha least gable 
under the conditions cf vepor- phasa oxidation tn the presence of heterogensous catalyse, fncluding vansdlum 
ratalysta, ere the lower aliphatic alcohols (5), during the oxidation of which tho corresponding aldshydss and 
the products of complete combustion are formed In the greatest amounts, whilo acids ere obtained ta very low 
yleid, The latter circumstance ts connected with the instability of acids under the givon Corslitions (8). 


The aim of the prescat Inverigation waa the eudy of the oxidative convertions of methyl alcohol, formal- 
Uchyde, and certain other oxygen-contalning compounds, the formation of which is posalb!s during the oxida- 
tion of alkylbenzenes, The work was camled out in a Now-type epparatus with a metallic tesction tubs 1100 
mn in leagth end 21 mm tn The sytem uscd for feeding tha charga has beon doscribed pro- 
viously (3, 7). The experiments wero cartied out et a contact Ume of 0,1-6,2 tscon:s, a food rate of about 
SO g per Uter of ceatalytt per hour, and with a considerable excoss of als (up to 50 liters STP per g of feed), 
Water was also Introduced into the reaction zone in an amount of 350 g per cubic meter of elr, Granular tin 
vanadate with grain tize of 3-5 mim diameter terved a6 the catalyst, 


Feed materials, The mothy! alcohol had bp, of 62.5°/604 mm, 1.3293, 0.791. Tha formalde- 
hyde was prepared by distillation of paraformaldchyde, end wes uscd in the form of 8 5.3% equoous tolution, 
The formic acid contained 6% water, and had a b.p, of 105°/695 mm, n*, 1.8681, and d? 1.190, The hydrogen 


was Introduced as 8 6,3 aqueous solution of ammonium cyanide, The carbon monoxids was prepared 
by decomposition of formic ecid, and contained 98.0% CO, 


Analytical Methods, The gaseous reaction products passed from the teactor Into & glass tcrubbes 1,5 meters 
high, which was wecied, by means of a Patrtkecv puinp (8), with 10% equecus solution of sodiu:n hydroxids, 
Tue formaldshyde, hydrogen cyanide and carbon dioxide were ebsorbed in the eczubdber quid, and the effvem 
R48 Contained only carboa mononida, The determination of the formatdshyde in the scrubber was carled 
lodomertically (9] and also by the dimedon method (10), Hyczogon cyanide was determined by titration 
with silver nitrate in the peeeonce of potarslum fodide eccording to the method of Denigss(11}. In cestain ex- 
petlinents, after noutsalizetion of the alkaline absorbent with sulfuric acid end gubesquemt tho hy- 
drogen cyanide was esparated tn tho pure form, Detorminstion of ceston dloxids was camied or gravimetil- 
cally on the barium carbonate precipitace obtained by treating the eccubber Hquld with equoous bestum hydrox- 
We, For determination of carbon monoxide, a part of the gas leaving the tcrubber was parsed, after a prelimi- 


Naty wething with eulfuric acid, over Hopcalite, The carbon dioxide thus formed was collected In equeous barium 


| | 
| 
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The experimental results on the oxidation of methyl alcohol showed that It ts completely reacted et 8 
temperatrre of 310°, Tho mato resction products wero formaléchyde and carbon monoxide (Fig. 2, A}, On 
consideration of the tequence of thelr formation, It follows that formaldchyds ts among the primary {racrmedie 
ate compounds, The formation of carbon monoxide ts, apparently, a conszquence of the decomposition of fore 
maldehyds according to(D. 


ano .co+str 


There ere Indicetions in the Hterature that the HCO tadical decomposms completely Laie hytzogen end carbod 
monoxide at @ temperature of about 100° (14). 


The sssuniption stated shove was alto confirmed by the results of the oxidation of formaldshyds ireslf 
(Fig. 1,8), As from Figures 1, A and B, the courss of tho curves cheracterizing the product ytelés tn the 
oxidations of methyl aicchol and formaldchyds are very 
similar, Formic acid was not observed tn tha reaction 


B products in efther care, This fact ta explained not co 
much by 8 low stability of the formic ectd undsz the given 
conditions as by tho fact that In tho early gages of the 
oxidation of tho alcohol and the eldchyde, side reactions 
The expertmental data presented tn-Flg. 1, C thow 
| that a contidcrable smoura of casbon dloxids up to 40% 


ki is formed during the oxidation of foemic acid, while tis 
yleld doos not exceed 10% fn the oxidstion of methyl 


alcohol and formaldchy¢s, Such a differsace ta ylelds 


Fig. 1, Oxidation of methyl! alcohol (A), formal- of carbon dioxida provides a basis for the astumption that 
échyde (£), and formic actd(C) with molest alrs formic acid cannot bo considered as required 
D formaldchyde, I) carbon monoxide, HD car iste product during the cormpteto oxidation of methyl 
bon dioxide, Sicohol or formaldchyds, Apparently, tho teaction pro= 


ceeds In several directions, We noto also thet tho high 
yletd of carbon dioxids tn experimants on the oxidation 
of formic cannot be interpreted as being the 
of the previous oxtdstion of carbon monoxide, Experiments on the oxtdation of cerbon monoxida under com 


parable conditions (Fig. .2, B) showed that this reaction proceeds at o low tate over tin vanadate af tomporatures 
up to 410, 


On the batis of the oxpertmental data presented above, end using the peroxide and chain theorles{12, 15}, 
the following general scheme for the oxidation of methyl alcohol (and formaldehyde) can be propoteds 


oo oo; 
| 


CO4H -CO,4 (w 
on 


| 
we 
tt CO, 1,0 +60 


With the of completely confirming the propoted echeme, It was of Imeren to invemicnte the exidatloa 
of methy! alcoho! ands: comparable conditions but in the presence of emmonia, Uncles thors con{itions, 
pression ef ths reactions forming carbon monoxide and dioxide might be expected owing to the poribiiicy of the 


teactios of tho HCOradical with stamonta with the formation of formamide, which could eadly undergo fusther 


ie 
a 
igi 


conversicn to hydrogen cyznide. 


(il) 


h was preluminartly ewabiished that, undsz the oxidstion conditions used end feeding S-& g of 
per g of feed, hydrogen cyanids docs not undergo mbaenttal changs (Fig. % A). was alco chown thse, fa the 
temperenas tangs invertigated, cezbon monoxide doss not react with amronis (Fig. 2, elthough is known 
that this reaction proceeds with the formetion of hydrogen cysnida at Aighes tempesstire, 


The experimermal reeulkts on the oxidetion of methyl elcohol in the presence of emmoala ero 
Fig. 2, D. They chow thsi ths main coures of the reaction under the gives contizfons Is the formatica ef hy» 
drogen cyéaide, tha of which reaches 907% Mt cherectorisic that in the resection of formic 
emmonts under simile: condition, tho yield of 
eyenics does not exceed 60%, Conoquantly, the kizh 


xj yield of hydrogen cyanids during the oxitation of mesthy! 
alcctcl (end formaldchyds) cannct be dus to the 
madiate formation of formic ecid, 
Tho results of the Isa expestments thes confirm the 
mechani: pretemed above of the successive conversions 
= of methy! alcoho} and formaléshyds uncer the condizions 
of vapor phass oxidation over vanadium 
= 
390 
(1) L. Ya, Margolis, Progr. Chom. 29, 176(1952). 
as 
Fig. 2, Oxidation of hydrogen cyanide (A), L. Sotin and A, M, Sladckov, Progr. Choin, 23, 
carbon monoxide (2), formic acid (C), and 
alcohol (D) with mots els In tha (3) R. Rafikov end A, V, Solorain, Trans, of tha 
presence of hydrogen cyentda, Conference on Catalytic Hydrogonstion and Oxidation, 
ID carbon monoxida, ID) carbou dloxids, (Aima-Ata, 1955), p. 241. 
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A NEW REACTION FOR THE SUSGTITUTION OF 
ALCCHOLIC HYDROXYL BY FLUORINE 
AND ITS USE 


A. 1. Titov, G. N. Veremsev, V. V. Smirnov 
end O. D. Shepllov 
(Presented by Aczdensiclaa N, Nazcrov October 16, 1953) 


One problem tn the tnvocigetion of crgenofucrine compounds the discovery of methods for the Clrect 
substitution of Nuorine for alcoholic hydroxyls, Tho woll-knowu reactions for the prepasstion of alkyl helices, 
particularly tho ection of hydzogen Quozids end Nuctine compounds of phosphorus on alcohols, ero mot very 


eshle for this purpose (1, Information of a goneral nzture on the tonda in this Neld (5, require con 


In 1942, one of us end A, N. Bosyeinixova domonctrated tho possibility of eubmstuting Nuorins for alcoholic 
hydroxyl in a tingls by converting ethylens chicrohydin to 1,2-chlorofluorosthans by refluxing ft with 
mixture of benzenstulfonyl Nuozids and potarttum Nuctida, Our Investigations the general nature 
' of this reaction, which proceeds according to ths equations 


ROH + R'SO,P 4 2KP RP 4 + KHP, 


its mechanitm was alto demonstrated, It was found that tho reaction proceeds through successive Gages, 


The first sage of the reaction ts tho- formation of en aicoholate according tot 


ROH + 2KP ROK + (9 


as is confirmed by the solubility cf Nuoside in alcohols, by the elkalins nature of tuch solutions, by 
the easo with which the more "actd® halohydrins enter Into Reaction (1), by a comparison of the 
of water, and alcohols, end by a number of other facts, In particular, we coniides that ths 


covety of L, Knunyents and co- workers (5) that ethyicne oxide formed by the action of potasium fluoride 
en ethylene chioruhydring 


oO 


Is tadisputabis proof of the Imtermadiste formation of alcoholates ta the tesctions by ux, Wa alto ob 


served tho forrmatioa of ethylene oxide during the preparation of ethylene flucrohydcrin by the method of Hofl- 
man 


| 
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Tho next step ts the acylation of the alcoliclate by the tulfony! Muoride with the formation of the aly! 
sulfonate 


ROK + R’SO,OR + KE, 


which was proved directly by the htolation of these esters from the teaction mixture Lit the fire: phases of the 
syithesis, Quite recently, as we lestned sfter the conclusion of the investigation, Pattison {7} indicated, toa 
very general way, the usc of potassium Muoride for the preparation of certain stky! eutfonstes by the action of 
sulfony! Nuoriscs on alcobols tn the presence of potassium Muoride, The partial formation of tulfonstes by tho 
action of sulfonyl Muorides on alcohols without the participation of potassiuin Muorids {3 etso possible, 


The last sage involves the alkylation of the potassium Muoride 


R‘SO,OR + KF -- RF + R’SO,OK, (4) 


as was previously known from the work of Helferich (8} and of Razumovsky and Fridenberg (9) and again cow 
firmed by us for a number of cases, 


Summation of the left and right sides of Equattons(2,(3) and (4) leads to the final tcheme of the sym 
thesis (1), 


Side reactions forming ethors, unsaturated compounds, their polymers, etc., can parallel Reaction (2) 
The new method was successfully used for the preparation of alky! fluotides end substituted elkyl fuortdéss, 


Of particular interest aro the experiments on the propatation of 1,2 difluotocthans by the new reaction, 
In recemt works of Henne (10, Ut), this material was describsd 83 an unstable Compound with b.p, of 10-18", 
which decomposes at 0° into butadiene and hydrogon Muoride, and which is readily hydrolyzed by water to 
ethylene glycol, These properties are paradoxical, even In the organofuorine teries, From Hennes teport, & 


seemed impossible to expect the successful preparation of 1,2-difluorocthane by the new reactlon, However, 
its preparation did not present particular difficulty, 


1,2-diMuorocthane was a completely stable substance with a b.p. of 26°, and tt possessed the usual proper- 
tics of Muoropara! in particular, stability towaed hydrolysis, Its boiling point falls into place in the sericss 


The same difluorocthane was synthesized by alkylation of KF with 6=fuorocthy!l benzencsulfonate, 


In the case of ethylene chlorohydrin, along with the major product, 1,2 chlotofMuorocthans, Reaction (1) 
lee to apprectable formation of 1,2-dichloroethane snd, apparemly, 1,2diMuoroethans, The preparation of 
dichloroethane was duc to the tcaction of the imermediately formed g-chlotoethy! benzencsulfonats with pos 


tassluin chloride, which resulted from the reaction of this same estes and ethylene chlorohydrin with KF, for 
examples 


CHCl CH,OSO,CM, 4 KE - CHF — CH,0S0,C,1, + KCI 
CHCl — CH,OSO,C, + KCL CH,CI 4 (6) 
CH,OSO,CH, + KF CHAE -- CHF 4 OH,50,K 


The cate with which Reactions 6 and 7 occur was thown directly, Theta conclusions aro also eppliceble 


to explain the formation of dichloroethane during alkylatlon of potassium Nuotide with 
sulfonate tn the experimeits of 


232 


We proses Ccocttption of tome experiments, 


£9 g of methyl sicchol, g of benzonesvifony) Mucrida, end 68 g of potassium were 
for T hours with misting, and ths Wbersted methy] collected over 607% (7.6 ever: of 
theoretical), The g2a, purified with was idseeified by moloculsr welgit (54.0) exd Nuctins coment 
($5.84). Tho latter was dstermincd ty repeatedly bubbiing the gas through an alcoholic solution of sodium 
hydroxide, measuring tha docrests in volume end titratirg 


Tho reaction with ethyl alcchol eccurred with grostes difficultyy ether and ethg] were 


isolated as by-peodects, Alkylation of KF with ths ethyl evifoasss aleo gave artical end © mixture of 
ote fina, 


Nl. of ethylene Nuorohydria, 60 g of benzencsulfonyl and 64 g of RP were heated on bath 
(180-190°) with dsphiogmator which pormitiod diziilation of ths Tha yluld of 
product was ebout 60%. After crying end distillation, the 1,2 difivorocthans had tho following properties, b.p. 
6-23.23 1.02%; aff} @ 1.8014) M 65.82 (eryoscopically), 66.10 (Moyer method waretical, €8,08)3 
F, 66.6% (theoretical, 67.8). 


Splitting off of a Nuorins ton in equsous and elcoholic procsoded (2-53 fn an hous at 70”) 
and somewhat more sepidly in tho presence of acid (up to 67), Similarly to dichloro end 
tt mixed with fuming HNO, and tepsrered og Cilution with water, 


Tho benzenstulfonate had ths following properties bp. 161-163 (9 min)s © 1.0497, 
nh, 1.8104, éctormincd by tliretion after a half-hour tolling ef 1 g of tho exer with 119 ml of equoous 
alcoholic NaOH, was theoretical, 0.57). It ts tntoresting that tho exter mixed with 1-10 CCh, 
but the solution on further dilution, Alkylation of KP? with the tho dem 
cribed etove with a yteld close to theoretical, Recautly, Edged and Parts (22), without the 


ethans “in substamtia,® comonsrated the probability of its focenat! on tpeciza of tho veposs formed 
a similar reaction of Nuczocthy! toluenssulfonate with potassium Quorics 


40 g of ethylons chlorohydrin, 60 g of 60 g of KP were hosted fcr 6 hours on a bath 
(180- 200°) with distitiction of the reaction products the follow ing fractions were sopareted from the productes 
Int, 25-40", 1.3.2) 45-6, 12.0 Srd, 65-75, 2.5 4th, over 75,0 g. (D was 
Isolated from tho second fractions b.p. 61-595 1.104, chet: £955, Cl, €3.03 $4.0. 
(1D, m.p. 109, was from (1) byheatiog with potstsum to 
207 (10 hoursd)s was not off during this reaction, prepared from (1) according vo Raze- 
moviky, wat Identical, 1,2-dichlorosthane was lsoletod from the higher tractton: 3 it was eleo obtained by hesting 
B-chicroethyl benzenesulfonate with potssstum chloride (b.p, 1.253, nf} © 1.4469), From tho residue 


temaining efter carrying out tha reaction, wes trotated (bp, 174 et 6 
1.361, of} 1.530). 
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ON THE QUESTION OF THE MONOTROPIC TRANS FORMATION 
OF SPODUMENE 


Academician G. G. Urazor, V. Plyushchker 
and {. V. Shakhno 


Among the nurncrous Uthium mincrats, spodumenc, more than ths has the object ef vasious 


favexiss C2038, 3 grcatcst intere tas clisicuitics ba in tie bermal 
thle lity and trensizions at ki gh tcinp 


1951-1903, Doclter (1) ectermined the melting point of spocumen many experiments, he 


settted on of 10S0-1090°, These data are much too low, and a7 solete. Newer and more relisble 


Inve sigatlons on spodumene have been carried out by Endell aod Riscke (2) end by Dallo and 


Riecke establisied that when tnodumons Is heated to $20° its Censity remeins unchanged, but 


the d miceral has the of a glass after a 6-hour heating at the change in density was ob- 
soryed fa the tanga of 20° (d 3,147) to 1000 (d 2,367), 


Obtervstions ea the sence of the mincral afts: cooling, and also on a heated microscops 
showed thst the powder heated at 950° for 6 hours Is anisotropic (ia grains of of mainly 
(5-59 2). : 


Gucy of tho index of refraction permitted the conclusion that tnodumene has én avessco Index of re- 
fraction of et 20° end this vaius fs retained up to $20", then at a highes temperature there 
tancous change fn the of refraction, and it takes on the valua of 1.51920, 004 (22 650°), which thea re- 
maf co 


hus, the reclons of tustamencous (discontinuous) changes In the spodumens properties cuniidsred epircids 
in rather narrow rengs of 920080", which might bs called the thermal trandtion range of spodumens (a 
tegion of the transition of one modification Into os 


end Rieck ersoneourly called this region a region of melting. 


tymmetrical modification of tpodamene which eppears at temperatures to $50 end which accompanied 
by & sharp increas in volume, Only the monoctinie of tpodumens has been found tn satura, and its 
taniition ino this uiusual modification, which differs so giarply in many phycical propertics, is lireversibis, 


Repardiess of the conclusions et by theses authors, they did not estabifsh tha exicsnce of 8 more 


Brun Rist pointed out the discrepancies ta the facts end conctuzions of Endell and Rlecke, end he cow 

P 
thag tha 3 tn eructurs tpoduimens with coniidcrable expsailon takes place 1010°3 duting the 
change, the esyctale of the minctal cetain thels form, but crumble to very fine with a alight jor. 


and Dittler did wot confirm the ebssryetion af Ende!) and Riecke of the dis: 
ence inheoated 


even above 1220 they observed cl 


en 
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{sce tary to the ices of en tsowrepie form of ; ver, Cotatimining the change 


the designation tpodumenc (by analogy with the formation of high ten petative as quartad, This proposes} (s 

correct, g-epedumer ns Is ant disingulesed from natural In composition, but orty in phydcal 
optical propattess consequently, all ¢podunwne minerals In mug bo Considered a3 the malas 

table with to the g-form, 


The practical comcquence of invesigations of the transition of tpodamene the uss of 
niesns-comaining tocks fos eatichiment in lithtusn 6, 7). 


it must be noted that, for the prepsretion of g-spodusnene, the tiny: of heetiog tha 
te determined mnt by the source of the mineral, but by the batch of cre (other being 
tince pure Is not encoumtcred tn nature, but rather very diffesent @ages of weethariag asc med ‘ 
in this mineral at the prevent tine. : 


Ava of hypergenstic chagges, kaotlulzetion of spodumens Incecases snd albitization atta 
aint, 08.6 tesult, the heating curve of epodumene thows edditional effects, that, 62 Gown by $. G, 
and G. N. Maslcnnikova (4), thermal analysis can be used for the dsserminstion of the of heallatzation 
of tpodumene., This is undoubtedly of practical although [t seems to us that thermal enatysis will not 
be suffictently accurately prectee fos the cats under considesation, We laveaigated @rictly the cneversion of 
tpodumens, not the products of tts conversion, end ta this connection we lavesigated the efiset of beating sate 
and of different tmpurities on the temperature of the morotiopic watsition of a- spoduitene to the g-modifie 
cation, 


TABLE 1 
Composttioa of a-Spodumens Sainplies la Wt. 


Sampie 
No. $19, MeO 


2 A534 
3 


In Tab.e 1 ts presemted the chemical analysts of three eamples of spodumene on whith the prazont work was 
carried out (the composition tn wt, & Is expressed on the bacis of the mincral after calcization. The epedumens 
was ected under binocules miczoscops and was keed Rom 
TABLE extransous minorals, 


Repions of a  g-transition of Spodumene By 8 general epoctral analysis, manganese and titanium 
were found in all samples, copper in Samples 1} &nd 3, and 

|iteating cate) Spodumene wanet- 

No, 


ton region, °C The temperature effects fos the a ob 


tainsd froin heating curves recorded et (wo heating tates, 
-. 4050 preeemod {n Table 2, 
1005— 4070 
4075-4070 As coon fom Tabts 8, with en fucroam ta este 
the tamporeteure at which tho transition 
B25 - (070 the troerval widens, This tata 
observetion of (9), who, earns, out 
the effect of heeting rete on the mom wer weesiiion of spo» 
dumere, In the effect of hoztiag tate mus 
bs considered in ths solutlog of a number of problems by means of thesmal analytics ua sly, ben 
Is not attached fo this in many Irvetigations, 


in Teble 3 eto poesomed data on tho effcet of the addition of pure ead gut! 


pesature of the > g-trausttion of spuduinene at 8 contend heating rate deg Fram 6 


| 

| 

| 

| Trace | 22 | Trace] o.nt | Trace | 5.93 1100.87 

10 0.20 0.01 0.44 6.70 1109.49 
27.58 0.22 0.{2 0.12 6.05 
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compssieon of the data of Table with thom of Tebic men thas $ID, and mechani calty mize od 
with the epodunere, lowered the temseranue of the g and with Ga ta tho exment of 


the eddod componsat effect laces it thoesd be poted thee the effset of the wee 


it thes ths impuritias In the 
Effect of Added SIO, end on the which, ecearding to Gabel 629 


TABLE 3 


[Amount edded,| tien The mechanism of this effect ts mt completely 
segica, however, If the data of Tebles and are compare od, eae 
be secn that the spodemenc ticker tn 


20 (S104) 

5 This ta tn the of and 
20 €23- 1070 eve? fou: 62¢ tha tor fos 

(K 1605 - {03% the tempozatuze of monotropic want 

(S104) B50 - 1005 flee by rants teplaciag Uthium In spor 
20 (09) m5 1000 Such cing 

2804) - OID dumene on the transition oa ts quite chsrace 
lithium by clemema to (10), sincs 
the formation of sniid tolmions basod oa 6 Coinponsn poe 
sceting 8 polymorphous trancition lowers the temperature of 
this transition, It is ovidert that the study of the nature of the ithium fa tpadumene by one 
clernem of anothers mug have separate interest, 


At, V. lomonsoy Moscow lnaaitute of Fins Received October 15, 1959 
Chemical T-chnology 
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ON THE ELECTROLYTIC DISSOCIATION OF COMPLEX 
COMPOUNDS OF TIN AND ANTINORNY 


M. Usanovich, ¥. Klimov and T, Sematokava 


(Preasnted by Academician f, 1, Chernyacw October 25 » 1956) 


The source of electrical conductivity in sy@ems consisting of somouducting compousnta connscted 

with sa acid-base teaction which resulés fn the formation of complex compounds of & tal-like astuss 
Oa intxing halides of tetravateia tin and trivalent antimony (arsenic) with allphatic ecida agd 

their esters, electrolytes arc having the formulas 

where as hydrogen of on aliphatic zedical and X Cl Br. 


Electrolytic dissectation of thes compounds, in our opinion, proceeds ast 


AL + RCOOR’ + RCOO,F, 


$nX,-2RCOOR’ + 2RCOOR’ st [SnXq (RCOO) - + 2RCOOR?*, 
RCOOR’ = + X-. 
4. 2S0X, RCOOR’ =: [SbX,RCOOR’]* + 


It follows from Equations 1 and 2 that in the complex compounds SaX, SRCOOR® and 4RCOOR’ the 
organic molecule enters into tho coniporition of both enica and cation, and ths tetrsvalent tin do enters 
into the enton, In complex compounds of tivaless entimouy the organic molecule enters into the compo- 
sition of the cation (Equations $ and 4), 


In orcer to confirm the schemes of the elsctrolytic dissociation of thees complex compounds, fos migration 
was dudied in the systems 


SnCl, — CH,OH, SnCl, —CH,COOH —CH,COOC,H,, SbCl, — CH,COOH, 


in which ths organic componsm cortalned the isotops 
The results of experiments on the electrolyss of wlutions of raanic chicsics ta methy! alcohol, scetic 
acid, and ethyl ecetate showed thet la ef} marnic chiovids, undes the & oe of on eclectic cuvon, 
misrated the anode, and is organic molecule mi 4 both to the ancds as tha cathode. Thur, we er 
tablished that ¢ chlorids ¢ imo the corr of the énion, and CH,OH, and 
iNet the con n of both the cation and the anica, Theee tesults are in with Eq 2 ead 


229 
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While ons work was boing carried out, two articles devoted to this quertton eppasred, The suthore of 
thess papers proposed thelr own schemes of the eloctrolytic Commes te thosa schema was U9 
assumption that tho formation of the complex compounds & feaction of insertion, f.c,, the moiscris cf ths | 
organic substance enters Into the composition of the complica estion, However, om fon 
thon to systems In whitch the organic componcm comained the leotops C4 thees schemes, 

Experiments on ton migrettoa in the fa which tho CHCOOH comalnsd o, 
showed that the CH,COOH migrates only to the cathode, in egrooment with Equations 3 end 4, tha eceutta of 
the experiments chow that complex compounds of antlmory (and trihalices with ecgenic oxygen-com 
taining subzances, In contrag to compounds of theses tame orgenic eab@ances with tin tetrahelides, ere produces 
of inzertion reactions (1). 


Desiring to determin the feta of molecules of an organic subaance under the of an eloctzic cur 
tera, In experiments on the electrolysis of the symem SbCl;~CH we added 8 dye bo 
the solution along with the C*Ltagced CH,COOH, In this way it was exahliched that, we expocied, methyl 
red migrates ta the tame direction as the tegged CH,COOH, Le., to the cathode, Thus, from the experiments 
with the dye It was graphically evident that the msiccule of organic subaance migrates to the Cathode, f.0., 

It enters lato the compozition of the cation, as expressed by Equations 3 and 4, 


N. S. Kurnakov Inetitute of General end Inorganic Received Octobsr 23, 1955 
Chermlary, Academy of Sciences USR 
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fad 


OCH CHATCH CH 


Tho rsectien batwean Gad wes owt ta the meanest. Ae 


fired with reQux condensss, was placed 1 mola of 1 mots of SIC, oy 3 g of 


chleri¢da, The reacttoa mixtwo was for 6 houzs, and shez of the wa 


Cot 


which dias 


ctod the tomalado: wes Gectionated uaser tocuced presaze, 


Frestion Is b.p, 16 1.1594 end 1.6516, Fouad 29.523 calcufezed fer 


MA, $2.41, This Gactioa, obtaleed yisid of shout was 


Practica dis: with eight decoinposizton, im the range 160-169 (6 Be wae @ 


and Into an etherval solution of the Gaction was dawly edded, bom thes dzopging 
solutics of esta, Tho products were coveral times wish echer, Alar with 


cena, From the hyceolycis wera oft sitels ectd end €- chloe for witk the following 
b.p. (10 1,08: 83 and 1.4515, Fround MR, £3.03 caleulsced for £7.03, 


yistd of which was obtsined tn en amount of 65 g, was about Ga Ges 

this eaablicned that the reaction of tats sehydczof wan with elicos tetzact > ta ths 


lane, This reectioa can esrva 898 mothod for the poeparasi 
eed chicso aliphatic 


N. D. Zelinsky Inatinse of Organic Chemlary 


watioa of ot comatning compautte 


Reosived Ocesher 1856 


ett, Hydrolysis ef this Gaciion was carricd tn a fitted wkh 6 8 33 foal, 


carbonste of thy ethers, the hydrolyzes products untor reduced 
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ON THE REACTION OF WITH 
SILICON TETRACHLORIDE 


Corresponding Member Acad. Seb, USER Shulkin sad Belsky 


it has been eesblicied by cumbes of tove that Ue ting cleavage 
the of vattods halogsa cos with the of 2 of 
phetic hydsocarboca, Thus, frosts end [3}, Stem end noe (El, 4 Kiowa (22, 
of the ection of halidsa oa “torah end 2, 


the? es 9 sosule of ting cleavage ts 1,6-dihato € votives of bs pewians, end be esa Oy Go 


ection v3 His ca a-propyl-, ead Groferan ta exatic ecid et Fark 


Wiison (6) isveaigased the clesvicg ectica of fa of en tattel nent 
cumbas of functional dasivadives and on Ao ha froma 
of bana og pemiass, Cioke oad Ayers (6] thowod thot 20 ection of plocshotes iso ca 


with yisld of S23, Lo o peter, Crom end bch tha 
of In high to by ection of phowsns oa 68 ead 


the precsace of capable of off acids end were? (ALOy, Dy, ecsivessd cosbon, 


Woe foued (8, 9] erat the ting cloaved by the octioa tremita, 
thantum tewechiaside, aatimoay pamachistids, Tits ta the ef 
the precomt wosh, wo lnvecigatsd the ectioa of Giicea ea B was found eet, fa 
the adesnce of catalysts, towerycroferen end tilicon teu teact, oven heating fo 6 howe, 
Howe ves, cader the cetalytic infiverce of sine ehicrids, the betwoos tints prow 


ceeds tethar sepidiy eed toads to the formation of cod which 
the following gructure to Becsibods 


OCH, CH,CH,CH,CI 


This organodiicna compound is readily hydrolyzed by weces with the evolulon of best, Balng eowrarted to & 
Chicro- butanol end alftcic ecid, If the reocebua Is carried ext with equimotas of 
ulicoa tewschlc all of end ebovt of the mwe echt hen tha 
This eubctomistes tha of the Grvsturs propoted by us for ths Fi 


tecult of ths saactina botwosn tatratiydrofusan end totrechtortd 3, 4 dd 
butoxyMichiarestians fasmed a6 major proéuctes 
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INVESTIGATION OF TAUTOMERISM AND GEOMBTRIC ISOM ERISM IH SOMB 
ARYLHYDSAZ ONES BY THE POLAROGRAPHIC METHOD 


Acedemicten A. &. Atbusov end Yu. Kiteev 


It Is that phenylhyG@esones whan disevived la skebol ere partlaliy converted taw 
matic 6206 compuunds(1,2}, The pasibiiity has besa of Ue eatsmace of eather 
forin with a swuctwe of the cahydreaias type but up to Gow proc! Of this has uct boon 


There ts on extersive tiersturs on of mony of compare of 
this cles howe been levlated in two forme{6,7}, AGomps ckista varices dorlvetives ef both have 


amt {7,8}, but the eppcacance of two forms by enslegy with the hea boon 
isomerign, However V, KhromoveBarteov hee recently chowa that be complicate analogy 
hetweea the of oxlmes ead the hydresonce, Rocaatly the ef the calered 
nltropheny thy hoe been gudied by the nesthod (10-125 


the tactomestam end sterecisomesitn of the arylhydreconcy haa yet been inecaquately lavesil- 
gated, 


Since It ls kaown thet tautomsrte form end Rersotcomers ofa goduced of potoutish et 
ping mercury elocwrocs, tha potarogerphic method wae chosen Che presont ta to fsitow the chene 
Rea taking place when sry era ta . 


Polarograms wos mada of metheaol of ths phenythydzasones of tmothy! ethyl ketons, 
methyl propy! ketone, cyclohesancns, ecstopheasas, esstaidchyds end bensaldes 
hyde, keeping the eolutions im the darh, A borat befics with pi ef 1,2 served tio ths cencentratt 
of the solution studied weg ~ 0.6~ 1,8° 10° BM, ead tha im. wore mage at ea 8 typs 649-8069 


wal potore The helf-weve were Catermined graphically end wees ta 
calomel elecueds, Fer eolution a family of rogyams wag ettsined thes tha ehsages take 
ing plece the eolutiors th piven Ragulacities la the variations ‘Os thes, 
In poisrogremsa of tho of atie betomes ead In ths ef the 


intial woves of ¢, shout v ef eppasred ead eed waves ef 
~1,08y appeared, brow, ead thea dimialched, Thess lest waves divided, each Int tro new wave ef 
which one with: the gotive pnteatist - gradually disappeared, The inital weves ef sotudens of Os 


pheny Ihydrasones of ths akichydéss end the eliphatic-sromatic katonss werd at Bogstive powintials 
“1.4, 


The polerogreme obtained were taterpreted were made for motive 
aol solution of 68 etendard es fara, ead cf ta ethytphooy thy? ef 6030300 
incepadie of prove slag | 8a eso foam, Under ext eoaditiess escboaases wee 
of the eso forms of ery must be fn the mete Tel this Winkel eng {13}, wing 
tha growed t thet the of eachensene (a comets 3 tote 3 
lebtia syneform, which in tho desk to the eats TVkerefsra ths enpeszenes 
of woves 08 ef -0,65 ond ets Civicica lets eve waves wi a 4, 90,93 409, 
~0,97 v, and the sebesqueat growth ef the the polerogreras of the 
to the fepmation of of the of the eso fora end the ‘at tata devh of 


the lebiie rn-lecmes, tn tho poterngreme of the ef ecetone thera em ealy two 
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potentials -1,20 end -1,50 v which correspond to the two possible tautomers (1) and (If) of thle compoun 


(t) N—Ne C—CH, (1) CHAN — NH CH, 
all, H, att, bit, 


The phenythydasons of benzaldehyde camot form an enhydrazino and in the polarogams of its alcohol solution, 
besides the wave of cis free aldehyde, there sre two wave pair, one pair of which must belong to the syne end 


anti-tsomers of the ezo form(e, -0,56 sad -0,59 v), and the other to the tro isomers of tha hycrazone form 
(q -1,03 end -1,20 v), 


Thus it was found that potentials from - 1,40 wo -1,55 v correspond to tho waves of the evhydraaines ead 
from -1,0 to +1,30 to the waves of the hydrazones, 


Tho families of polesoprams obtained by 9 were Interpreted to show that the phenylhydresonss of aces 
tone, methyl ethyl ketone, methyl boprozyl ketone, and cyclohexancns and ts ethylphenylhydrozons cf 
tone, contrary to the generally accepted hypathesla, are not hydsazoncs, but la the tate havo 
hydrazine type of structure, Tho of mothyl ethyl! ketone tn alcohol in tho dark forms tha 
enti-lsomer of the enhydrazine fonn, The phenylthydrazoncs of the aldehydes and also of acctophencns ead pe 
chloroacetophenone the free state have the anti-hydcrazone etucture, All of the compounds studied, except 
the ethylphenylthydrasone of acetone, in alcohol rolution undergo @ tautomeric convertion. & @ mixte of 
compounds eccording to the following scheme: 


enhydrezine hydrazons azo compound 


In Teble 1 ere given the half-wave potenuals found for the tautomers and stereoliomen end tho eneryles 
for thett Interconversiors, calculated from the potential differences by the method of Winkel and Sibert {13}, 


TABLE 1 


Hydrazons form f2nhydrecine form 


Compounds 


Nots, 8) for syn-isomers, b) for entl-leomess, ¢) energy fat conversion eyn —>anti 
(Cal per 6) enetgy for conveiston hydrazones compomd (Cat per mols) e) 
energy for conversion enhydrasine hydrezone (Cal per mote) 


Polarographic Investigation of a estics of phenylhydrazones thowed that ta goneral they can exist in three 
tautomeric forma, each of which has stereolomers; 
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City R-- CHR’ CHAR’ R’ 
Syn- Nes N~C 
R 


Ne N N= C 
Antu- R -- CHICHI,R’ R R’ 
Aso form Hydrazone form Enhydraxine form 


The fact that the tautomeric forma can be reduced Indicates the preseuce ta thelr moleculas of conjugate 
ed bonds, dnee It known that teolated multiple bonds under these conditions elther ere not reduced at all 
at comidctably more negative potentials, 


The different structe of the srythydrazones of aldchydes and allphatic-aromatic ketones on the one 
hand end of aliphatic and alicyclic ketones on the other hand can be explained tn tho followhg way, Thors- 
action of en srylhydrzsine with a carbonyl compound procecds In two stages (14), First, ecdition takes place 
at the carbonyl doubte bond: 


(1) ArSEINH -- Hof Ow C—R’ ACNEINH—C R’ 
R 


fhe further conversion of the Intermediate carbinol deponds upon structure of the orfgtnal carbcay! com- 
pound, Thus ff an aldehyds ts used, a carbinol results in which the influence of the free electron pale of the 
Aitroyen atom conjugated with the boads of the aromatic cing on the free elceton psir of the second nitrogsn 
aun is stronger than the influence of the electrons of the oxygea stom, Becsuss of #PP-bonding the N= 
luskages are weakened and one of them becomes conjugated with the polar C-O bond, 


It is known ( 15] that in highly conjugated systems paratletism, Le,, trans-configusation at the bonds, 
mcut, Therefore free rotation eround the bond between the nitrogen and the allphetic carbon of the carbinol 
iwhindered and structure 10 Is energetically the most advantageous, 


The polarity of the carbinol molecules results in orfentation and drawing together, and es they approach 
each other the molecules will Interact through the end atoms of the og -bond systern, The electron distribution 
in the syttems results in the formation of water and the anti-lsoma of the hydrazone; : 


Ne None “a 


The presence of second slky! group on the carbon torn of the Intermedists cardinal edtained from 
ketone changes the tntersctioa of the bond It strengthens tho polarizetion of the C~O bond end weakens the 
interéction of the latter with the bond, but creates conditions favorable to conjugation with the C7 H 
bond of the ne{phboring carbon stom, The moat edvantageous structure from the ensrgy viewpoint fe IV, tn 
which free around the bond ts Madered, 
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Ths climinetion of wats, preces ding according to 6 te 
gives tyn-leome? ef the enhydzasia Tia in the tay, but {7 A b eryl 
group, &s escond of wectan of the with the botam 
Evidence of the cowrea of 3 ta the foct that & om twiziag 
"and the eomround, ot Rese evscived while the mixtwe 
end ty aa Goss turbid 


Gad tas eeparatina of Tho 
ladic stay the chata mechankm ef tho 


tt hes boca that the of ecetsidehyds can be ta two forma, 


have been to bo stercolsomers, Whoa thoe leomers ore Ins orgs of eniveat, 8 8 


Mutual interconversion occurs with the proferential formation ef the highee meleing foma 


Using ta polesegraph, we found these ferme of tha ef te abe 


He substances with mo, obtained — n of canponeass La ether fa th 


the escoand farm by weatiment with en elecholic ef OD), ts the sei phe 
© 1.18 in widle the substance with tap, proved to be 
vj, 


We further succeeded in obtataing by the method of Thile and Picherd (16) two tsomers of 20 pheayle 
hydsazone of bonsatdechyde and showed that the lsomez with tip, LI4-6° ts the syn-form 1,09 v) ead 
the homer with mp, 162° tha anti-form (ef v) of the hydrazones, Our lavestigations of the 
lain and of the arylhydragcucs ere belag continued, 

LITERATURE CITED 

{t) € Ch, C, Baty, and W, B, Tuck, J, Chem, Soc, 89, SE2 (196), 

(2) M, ®, Grammaticakis, Compt, rend, 268, 1307 (1698), 

(3) P, C, Frees, Lieb, Ann, 283, 391 (1894), 

(4] G. M, Robinson end R, Robinson, J, Chain, Soc, 313, 639 (1918), 

(8) K, Auwerg, end H, Winderling, Ber,, 64, 2748 (1931), 

(6) Zd, H, Stroup, Moneteh,, 10, 401 (1889), 

[7] G, Lockemenn, end O, Liesche, Lich, Ama,, 342, 14 (1996), 

18] B, Overron, Ber,, 24, 21 (1899), 

(9) N. V, Khromov-Borisov, L Gen, Cham, 25, 156 (1955), 

[10] W, Theilackes, Ber,, 82, 190 (1949), 


(1.) F, Ramirar, Bad A, F, Kirby, J. Am, Chem, 16, 1997 (1954), 
Bohinann, Ber, 64, 499 (194}), 


(13) A, Wintel, end H, Sibert, Bar,, 74, 670 (1941), 

(14) M, J, & Dewar, The Electronic Theory of (xganic Chamisity, Onford, 1949, 118, 
A, N, Nesneysnov, Sci, Repts, Moscow States Univ, 132, (1950), 

(16) Thite, end RH, Pickard, 31, 1249 (1699}, 


A, &, Athuzoy Chemical 


Recelved November 12, 1056 
Kegan Brench, Acadetny of Sctunces UIASR 


Gu, 
‘ 
y 
246 


THE REACTION OF ORGANOHYDROXYSILANES WITH ISOCYANATES 


SYNTHESIS OF SILICOORGANIC UPRETHANES 


V. Astakhin, 1, P, Losev and K, A, Anérlianov 


From the Itcreture {t ts known thet the reaction of elcohots with proceeds without the forma 
tlon of by-products. Wurtz(1)firstchowed that the reaction bs accor panied by the migration of a atom 
of the elcoholls hydroxyl group the altrogea atom of Cis ocyanete gious 


HOR ~RNHCOOR 


In tee work described here wo undertook to Investigets tha reaction tes with tocyae 
nates, The starting materials used In the atudy of the reaction were hy 
acid} 


In the course of the Investigations (t wes frst cetsblished that the reaction of the lsocyanstcs with Giatky!- 


hydroxysilenes proceeds in manner analogous to the comesponding reaction with atcohols and cea be repiesea- 
ted 33 follows; 


NCO NHCOOSIR, 
+ 2HOSIR, 
NCO Nwucoosir, 


By this reaction scheme tho following silicoorcanie urethancs were obtained end charectorized toluylens-2, 
amine - die thy lpropytllene of Clethytpropytsilanol}, end toluylcne-2,4- 
(4-methyl-m-phenylenedicarbamats of dletnylbutylsitanol}, AN ths ettico- 
organic urethenes obtetned were white, crystalline eubstances eoluble In benzene, Dlusns, end ether, end rery 


usceptible to hydrolysts, Their properties ere given in Table 1, along with the properties of other new eflico- 
organic compounds, which are not detcribed in the Iterature, 


EXPERIMENTAL 


1, Synthests of In 2,6 to 3-Iiter three-necked Mask fitted with reflux con- 
denser, mechantcal stiner, dropping funnel, and thermometer, were placed 48,€ g of magnestum turing, 1000 
ml of anhydrous ethyl! ether, end 0,6 to 1 ml of ethyl bromide, From the dropping funnel 274 g of butyi bro- 
mide wes sdded dropwhe, After the introduction of a emall amount of ts butyl bromides, tie reaction mixe 
ture waa stirred at room tempe mture for 20 to 30 minutes, After tho reaction startad, the further eddition of 
butyl bromide was carted out with the temporsture of the reaction mixtize not higher than $9 to 35%, Follow- 
ing tts tatroduction, stiming et room tempersture was continued for 1,0 to 1,6 houn, after which ths reaction 


mixture, freed from the remaining magnesium mechanically or by filtering through gles wool, was posed off 
into 8 dropping funnel, 


4 

R 
| 
| 


Into the emptied three-necked flask was pourcd 314 g of lane (b,p, 128 to 130°, 
= 1.1974) end 400 ml of anhydrous ether, after which the butyl magnesfum bromide was added with cons cae 
stirring, The reaction mixture was heated on the water bath for 8 to 10 houn, The reaction product were thea 
{(Itrered with suction and the msidue was washed with several porticns of ether, After disllling off 
from the extract . .J the solutlou, and subsequent repeated fractionation of the reaction products, 215 g cf a 
substance wss {soiated wlilch had the follow{ng ounstants: 1Bt-1R2°/ 74 4inm; np = 1,4410; 0,8555; 
MR found 62.46; M2 calc. for 53.06 


Found C 53,75, 83,54; H 10,46, 10,47; Sf 14,97, 15,31; Cl 19,95, 19,85, Cyl pSICl Calculated Sx 
C 53,78; H 16,64; Si 15,68; Cl 19,88, 


Ou the basts of the analytical data, the substance with to $82°/744mm Is 
lane, The yleld of this compound was 60% of theoretical, based on dle thyldichlorusilane, 


2, Synthests of dlethytbutyth In a three-necked flask were placed 100 g of dic thy 

(b,p, 161-182°/744imm; 0.5985; ny 1.4410), 400 mi of sahydrous ether, and eeveral crops of 
pienolphihalein, The contents of the flask were cooled to -5°, While the reaction mixture wea vigorously 

tired, 1N equcous hydroxide was added from a dropping funnel & presisicnt light pink colar 
pesrcd, The temperature of the reaction mixture did not exceed The contents of the were poured 
into a scparatocy funnel and the ether and the water layes were separated, The water leyer west waded with 
several 70 «to 100 ml pogtions of ether, The ether laycr end cther extracts were combined and erled over 
posisium carbonate for 25 to 30 minutes, After distilling off the ether and subsequently fracticaating In vacua, 
€3 g of a substance was lsolated with the following ctomtants; bp, 190/744 mm; 1,4390; 0.6503; MR 
found 43,69; MR calc, for Cell, 49,37, 


Found % C 60,06, 60,20; 12,6, 12,40; Si 17,45, 17,13, C,i1,,510 Calculated C 60,00; H 12,50; 
Sf 17,50, 


This compound was dicthylbutylrydroxysilane, It was 2 coloricss, somewhat viscous Uquid with a pleasent 
ezmphor-Hke odor, It was soluble in ether, acetone, and chlorinated hycrocarbors, but elimost Insoluhta la 
water, 


3, Synthesis of Ina three-necked Mark were placed 100 g of dicthytprepzyl- 
(b.p, 103°; 0.6905, 31,4552), 500 ml of anhydrous ether, and several of phenciphuhatela, 
The contents of flack were conted to -5°, While the reaction mixture wes vigccously stimed, IN egos 
sodium hydroxide was added fromm a dropping funnel until a persistent pink color appcaied, The tempers 

wre of the reaction inixtuis did not exceed 42°, The contents of the flack were poured a separstory 
end tis ether and water layers were tcparated, The water layer was washed wits several 70 t 100 ml pation 
ef ethyletier, The ether layer end is ether extracta wees combined and Giled over ft 
to 30 milnuter, After distiting off the end sulscquent frectlonation tn vecuo, was 
with Cio following constant bp, to nis 1.4305; 0.6598; Ma found 44,45; Ma 
céle, for 44,71, 


Found % C 67,64, 57,40; H 12,29, 12,36; Si 18,72, 19.00; CH ySto, Csiculsted C 67,63, H 12, 
19,17, 


This compound wae dlethylpropythydroxysilane, Mt was colocles, somewhat viscous Mquld whh ple 
sant, camplior-Ilha odor, It was soluble In edicr, acctone aad chlorinated hydiccarbons, but elne.t 
weter, 


4, Syothests of 


CH, 
‘NCO 

2HOSH(C ( INUCOOSH (Cal 
Kiicoost 


2; 
| 
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A mixture of €3,8 (0,75 mote) cf 81% 1.9208; end 159g 
(1,0 mote) of (b.9, 3 21,4220; conteas %) was placed Ine 
better flask fiteed with 8 condemer having @ caletumn chicrkls tubo ths cad, Tho coctents ofthe Merk were 


heated on en eff bath foo en hens et 60 to 85%, efter whlch they wers elowed to fn Ura evemight, 

The next day the nection mixtts wea to Eiltes and repeatedly washed with geeolins, then, 

drvine tn the efr, wes het tolucne, A wae obtsined, 162 to Motwt, 


found 453,¢; cale, €28, 


Found C 87,61, &7,45; H 0,62, 0,44 12,70, 12,88, 6.48, Calculeted 
C 67,63; H Si 12,78; 6,39, 


Synthests of toluviens-2, diethyl propyis(tane, 


N 


co HCOOSI(Ci 


A mixture of 43,5 g (0.25 mote) of m-toluyleaed isocyanates (mp, end 73 g 
(0,8 mole) of (d.p, 171 to 172°/747 samy “4 1.436%, Clleprovp content 
11,7%) waa pleced tn a tound-dettomed flusd with a Living calclum Chicriza tubs et te end, 


Tho contents of tie Mask wer bested ca an oll bath for en hour at 60 to 5%, after wlich wera 
lowed to stend tn tho Mack overnight, Tho next day the reaction mixture wea Gansfemed to end 


ly washed with (at first with portions of gesotins) and thea, efter drying fn Cro ele, wea 
Uzed from hot toluene, A whits powder was obtained wits 140-141%, Mel wt, 69,9; calc, 40), 


Found C 59,97, 63,05; H 9,09, 9,12) Si 12,02, 11,70; N62, 6.8, Crlcutsted Sx 
C $9,22; 19,01; SE 12.01; 6,00, 


TABLE 1 
| 
Name of com- Formula 
: 
0.0209 | | 4.43 | 
CH, 
} ethylsilane COOL (Cell, 
cH, 
Toluyiene-2, 4-bis~ NHCOOS 
carboemine: 
eny iprop ylaila HCOOSH (Celt 
cit, 
Toluytens-2,4-bis- | NCH, —t08 


; 
' 
3 
] 3 
\ 
e 


6, Syntheeis of tolvytene-2, dic 


NNCO NNHIC 


co NHCOOS! (Cyl): C,H, 


A mixture of 43,5 g (0,25 mote) of m-toluytencditsocyanate (mp, 21°; LSE 83); end 60,0 g 


(0,60 mote) of diethythuty thy droxysilane (yp, ny 1.4390; group content 10,0% 
was placed tn 6 round bottomed flask fitted with e it cast having a calcium chlorids tebe et the end, 


The contents of tho Mack were bested en an ofl bath for sn hour at £0 to 85%, efter which they wera ele 
lowed to stand In the flask overnight, The next day the reaction mixtura wap cnethieel toa filtes and ree, 
peatedly wacked with gasoline (et frst wits small portions of and then, after erytng tn the eft, wes recrystal- 
(sem hot tolucnc, A white powder was obtained with m,p, 104 to 106%, Molwt found 479; calc, €94, 

Found C 60,66, 60,52; H 9,42, 9.47; N 6.05, 6,13; Calculated C 60,72; 

9,31; N 5,66; Si 11,33, 
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"ON THE STEREOCHEMISTRY OF CATALYTICALLY ACTIVE COMPLEXES 


Academician 4, A, Balandin and E, 8, Klabunoveky 


As shown previously crring te catalytic hycdrosenation ef 2, 5°,6°) (5,6;5°,6°) (7, 
5™, (1), which {3 derivative of Giptycens, (a tho prea. 
ence of tketstal niciol catalyst et etme: etie preseuta In mediun et 65°, Uxce ef are 
atsorbed, and thse correspondin rosrematt ls formed; 1°, 2°, 3°, 4°, 6, 6’ -texahy 6" 6°) 
(5,6;5°,6°) (7, 8; C™)-tribens The kinctlc of 
sorpucn of tn this process shows cherp bresk efter the ebrorption of ons melo of bycropen ($3.59 
conversion), which Indicates ths esisctive nature of ths However, tha stoges Crouch which the 


reaction proceeds still have not been experimentally clarified, since two routes, A end B, can bs visualised for 
the reaction: 


According to multiplet theory (2}, during tuccessive hydregenations over nickal estatyst the olefinic bond 
must be hydrogenated first end only then. carbonyl bond, eince the helght of the eacryy of the 
first reaction (-E = 2.9 kcal.) ts lower than that of the eecond (~E 10,1 kcal), 


In agreement with these theoretical concepts, which aro expparted by numerous experimental data (3), tt 
would be expected thatin compound I the doubts bend C mC fs hydrogensted first with tho formation of the 


corresponding hexahydroaromatic ¢iketone (IM), end then the two keto groups are hydrogsneted leading to the 
formation of the hexshydrosromatic diol (IN), 


In order to clarify the reaction mechanism, we carried out the hydrogenation of compound (1, which was 
prepared according to reference [4]; mp, 207° (decomp,), 


Found C 83,90, 84,01; H 4,05, 4.04, Calculated C 83,91; H 4,89, 


The hydrogsnation was-camted out in a thermoatated rocking autoclave (TS-17 therimostat) at 45° and 
atmospheric presture over skeletal nickel catalyst (0,35 g) in a medium of freshly distilled dloxans (ta the ab- 


sence of peroxides), The experimental method end of the catalyct hse besa described ta poference 


Aftcr the sbtorption of one mols of hydrogsn, which, In a parallel experiment, comespane to 8 bresk In | 


| 
Bz 
| 

| 51 


in Figure %), Cre prodect wea filtered from the eat fret of cles 
has not bees in tha ta the form, it wits 


(cecomp,), 


ties eveve Crewn by plotting the rate STP per egetnt extent ef reaction 


Found Ge C 03,16, 62,00; H 6.8% OQ. Calculates C H 6,55, 


Produce did es und Serge reactions of quinald exucture (compound (1) wes ent 
Ki @ KOH), did nol reactions of ea olefinic band, act fam 


Ros wit méieke eat hydride, Tiw seectisn of with 2 Aedinitros ay thy we 


mi Ha/ints 
Fot nd § N 12.2 12.4% Caz Céj- 
culated N 13.¢9, 


The formstica cf money benythy 
1,4-diketonse has been reports 


The data obtained confirm (hs 
multipict theory hydragenation 
ceeds by route A of the scheme presen 
eddition, theses resuts serve 03 od mors 
experimentally vindicated eucccerics 
genolycls of bonds over nickel catalyst 
multiplet Gieery (2,3), 


Fig, 1, Multiptes theory permits the construction of 
stereochemical models of the active couple xce of the 
teactions comldered shova, 


According to this theory, owing to the sralt radius of actton of valonce-chemtcal fore: 
come Into contact with the catalyst et thet: macting atcina, which determines ths orlzatation of tha mo! 
on the catalyst, Prom this, scale models of the hydrogen ration of various dorivetives of triptycens ere pr 
below, The molecules have & complex configuration, the six-membera d tings fotned to the centra) bicyclic 
system ero disposed at an angle of 120%o each other, which cen be represented on @ plans a3 follows 


Therefore, the molecule cannot ba en disp sed on 8 lane surface, In the modets of 


tie cat talyst in 


molecuics ef the triptyoens ¢ perivatives éte osienied to urfece o 


ty af Tha b 


al 
. 
3 end 
yore 
ate 
red hy the nf 
Oy Cas — 
Cha mone? d-dinke +. 
crasones by 
} 
7 
ig } i 
: 
. 
. 
~~ 
tos 
1 ebevse 
183 of modal ts tha sextet mechertorn of | 4 
in 2, Crown a modal of the of compoumd (MD, tha metal of th! 
m 23 OF Figure 2 ceress 2 it, Sy fc fro fact. Chat 
9 wain te presen. coi iunic PR, thet tas resection | —> I? ¢ 3, &3 Ci ved fms (1? 
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end b ere not placed on the auiface fn vicw of 
hindrance, and Ure hydrogenaticn must procecd on pro 
fections of tho catalyst, whils In the of by- 

drogenstion ean procecd cn ths eurface of tho catalyst 


tn the cass of the hydrogenation of triptycenee 
quinone, Ececribed In reference the considershle 
O- fateratomic distance tn the quincus indicates 
thet the bydregenstion proceeds not by moleculst 
drogen, but by ctomic hydrogen, ta agreement with 


the requirements of the theory (¢}]. Apparently, the 
hydrogenation proceeds through the 
form, which Is fotned to the nickel through ealy cm 

Just es ta the hydrogenation of ketoacs 7}, In 


the pretent esse, tho radical corresponding to the senil- 
hydrogenated form has 6 quialy drone structure: 


It is well known that, under specific condi- 
tons, stinflar sadics!s are very stable; thelr solu- 
“tions are intensely colored, 


However, during the hydrogenation of tiptycenequinone, the yellow solution gradually decotorised, which 
indicates that, if such a radical ts formed, it {s not desorbed the solution, but undergoes besa, on the 
face of the ts further chemical tamsformstion, Tho results obtained are important to en understanding 
: of the nature of gatalytically active centers, 
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ON CONDITIONS FOR THE ADDITION OF AROMATIC AMINES TO ACRYLONITRILE 


A. Bekhit 
(Presented by Academician I, N, Neserov, November 26, 1956) 


It is well known that the addition of aromatic amines to acrylonitrile con be carried out In the pressuce 


of acid catalysts (acetic acid and it amine salts, acetic anhydride, and ealt of inorganic scids with eromatic 
and aliphatic amines (1-5), 


The reaction does not proceed on refluxing aromatic sminca with acrylonitrile wifiout @ catolyst, end 
the unchanged materlat can be recovered the reaction mixture 


In an investigation of this reaction, we attempted to prepare § -phenylaminopropicaitile by heating the 
components in a sealed tube at 165-170°; however, ths addition product was not formed, end tia original com- 
ponents were recovered from the reaction mixtze, Using en aromatic emins hydrochlorides In place of tha 
emine and refluxing with ecrylonitrile, we confirmed the negative results of Cymermman-Cralg et 


TABLE 1 


N% 
H $09—200/25—37 49—50 | 19 
CH, 204—205 /22 104 25 (38) 
Cl 14—75 | (+39) 
OCH, 219— 223/21 62 69.5 . 


However, we found that heating the Indicated components In an aquecus medium leads to the formation 
of -phenylaminopropionitrile (7) We sho established that émmonium chloride has no catalytic effsct whea 
refluxing aniline with acrylonitrile in en anhydrous medium, tn the presence of water catalyzes Cus 
actlon, and A -phenylaminoproplonitrite Is obtained ina yield of about 60%, 


These data permit tho assumption that a necessary condition for the addition of sromatic emines to ecrylo- 
nitrite ts the presence of protons in the reaction mixture, Therefore, we comidsred it possible to cary out the 
addition of sa sromatic emins to acrylonitrile without the addition of acid catalyzts but {on water, which, being 
an loaic medlum contalns protoca, 


Experiments carried out by us ccenpletely confirmed tus assumption, It was found that, tn fact, eromatic 
amines do edd to acrylonitrile on heating in water, We carricd out experiment wit five aromatic emines 
(aniline, p*toluidine, p-chlorcantlins, p-aenicidins, and p-phenetidine) under the sams conditiona, end fn ell 
cases we obtained the corresponding A-arylaminopropl.aftriie (Table 1), 


: 
ee 
of 
h 
¢ 
; 
\ 
& 
| 
are 


Appsrently, the yteld of 8 -erylaminopropioaltrite depends on the solublttty ef the orlginal eming ta water, 


We presume that the mechashm of the reacvoa consists fh Ge formation of aa esrboatcrs {ca 
which can ect es tho eibylating egent (8), 


The method of preparativn of 4 -arylaminopropionitriles by cyanethylation of srometie eraines ty aqueous 
medium cen have practical significance, sod makes this clats of compounds readily avaiishio, 


EXPERIMENTAL 


Addition of eromatic amines to acrylonitile in water without a catalyst, The srometic emins (0,05 ale) 
was refluxed with acryionitriic (0. 1 mole) tna water mol) for 11,5 hows, The reaction mictuco urs extracted 
with bersene, The beszera solution was washed with water end dried with carbonate, After 
thon of the volstile products, the residue was distilled under vacuum, 


The following arcenatic amines were used: aniline, p-toluldine, p-anizidine, p-phoasu- 
dine, The results of the experiment are presented in Table 1, ; 


Reaction of aniline with acrylonitrile in ahydrous medium, #) 9,3 g (0,10 mole) of aniline end 6,0 g 
(0,11 mote) of actylonitrile: were heated in sealed tube for 8,5 hours at 165-170%, The following freetora 

were obtained by ulstillation of the mixtusc: 1) 5,0 g, b.p. 16°(acrylonitsile), 2) 6,5 g, b.p, 122° et $9 para 
(aniline), 3) 0,4 bolling up to 115° at 3mm, a yellowish off which with decompceltion and contalasd 
aniline, We were unzsble to cryttathze this oil, 


b) 4.7 g (0,05 mote) of aniline, 2,8 g (0,05 mole) of acrylonitrile, and 1,4 g (0,028 mote) of emmocium 
chloride were for 7,5 houn, After the tsual weatment of the reaction mixaze end disilatca of ths 
voleule products, fractionation of the residue under vacuum gave only aniline (3,2 g), bup. 73° at 3-4 mm, 


Reaction of eniline with acrylonitrile tn agucous medium In the presence of NH.C1, In an experiment 
simiilac to thst described ul un. tet but carried out ln the presence of water (5 ml), two fractions separated 
from the residue remaining after distitlatton of the highly velstile products, 1) 0,9 g, boiling to 100° 6t 7 min, 
aniline, 2) 4.3 $8,9% of deoretical, bp, 173-175° at 7 mm, 49° (from alechol), 6 -phenylaminopro- 
plonitrile, 
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ALNYLATION OF AROMATIC COMPOUNDS WITH DIENIC HYDROCARBONS 


ALKENYLATION OF ANISOLE WITH PIPERYLENE 


A. Vdovitova and S, V, Lavgorodny 


(Presented by Academilan A, V, Topchiev, November 15, 1955) 


The alkytattog of an aromatic nucleus with dieme bydrocarboas ls a Neld which has been little studied, 
vtwithstanding the availability of the starting matertals, Alkylation with butadiene ta cescribed la the majority 
the availble papers and patens {I}, The cundiensation of piperytene with toluene the preseace of 
repceed in only ene of ths American patents(Z2], We might also mention the wa of pipczylens ta the syntheals 
4,7, 8- time thy!-2-¢ thyl-S-hydroxychroman 


We undertook a systematic investigation of the alkylation of the aromatic nucleus with plperylens — which 
* a by-product in the pruducudon of synthetic rubber by the Lebedev process — In ordes toclarify ths reactivity 
of piscrylene as a difunctional coinpuund, Since piperylene contains two equivalent functional groups, it caa 
act with an aromatic compound according to the general wcheine (45 


a a 


Can — On — Cen, 


a a 


Ihe reaction In stages being the more probable route, For the product containing a double bond, 6 lsomers are 
Neorttcally possible: 


CH,CH CH CH(ANICH, (1) CH,CH,CH(Ar)CH © CH; (IV) 
CH,CH CH CH,CH,Ar (11) CH, (Ar)CH—-CH = CH (V) 
CH,CH (Ar)CH,CH = Cif, (111) CH,CH,CH = CH CH,Ar (V1) 


As seen, the products of the adcition of one molecule of the aromatic compound to piperylene tn the 
position and in the 1,4-position (V) have the same structure, As a dienic hydrocerboa, plperyieno must 
teact during elkytation 80 as w produce more rapidly the product of the eddition in ths 1,4-position(V}, in can- 
‘ormuty with the distribution of clectron density tn the molecule {5}, However, 1,4-additlon of the eromatic 
compound in contradiction to Markownikoffs rule (the phenyl redical going to the prim @y carbon atom) ts ¢cs- 
criked in the Utersture, With substituted benzenes, different orientation of tha pentenyl group also posible, 
and among the high boiling products, In addition to products of the dlarylpeatane (VD) series, can be found 
pentenyl benzenes(6], Thus, a coraplex mixtwe of substances may be expected as 8 result of ths maction, 


In the present work, using anisole es the aromatic compound, alkenylation of the eromatic nucleus with 
pny lene was carried out with yields of pentenylanisoles of 56-92 % of theoretical, Anisole wastcleced as 


3 “4 
: 
“2 
= 
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: 
. 
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proof of structure ef the wes cerried ont by oxidation et the of the producss 
with Boron Oxifation wih Khted, tarcetons eclution good yizids ef p-ms 
ectd (VIZ) ead p- nce (1X), according 


CORN 


with chromic mixture gave mixture ef and ecid 

acid wes slo obtained by oxidation with 25% aftic ecid, The formetion of p-medwayacetophencns 
unfoudte dly indicates tiat the locsticn of the extiols redical ts at ths second carbca etom, end formation 
methozyhydratioptc acts indicates locatica at the A-positicn to the coudie bord, On bashs, ean be 
wmelusted that the peatcnylaciscis obtained in the presence of mainly p-ime 

pntene (XL), to which reference It made tm the literature es an Lntermedists In ths synthesls of 
phenyl pentsne and, consegvently, the eddition of entsole to plpezylene proceeds In conformity 
planty 0) of (VV). 


The products obtained by alkyiation in the presence of and eppsrently also ecae 
mainly of 4-(p-methoxy phenyl}-2-pemteme, Evidence of chis ts given by the closeness of the phyzical cona- 

stant and by the fact that further reaction of pestenytanisole with anisois fcems 

tance, both du-ing the course of this reaction (with and whes the synthesis ls carried out {a two 


OxPERIMENTAL 


The alkylation was cared oct in the usual way, as Indicated in the theoretical part, Pipcrytens wid 
of 41-425", ‘14245, 0.6795 was ued, Two main factions were separated tn the fractionsticn of 
the pentenylanisotes ottsined in the experimens with BF,* 


Im fraction: 86,5-87,0 at 1mm, of, 1.$!78, 0.0513, MR 56,12, calc, 85,19, 
Found % C 81,58, 81,40: H &91, 9,05, CglH,O, Calcutated % C 81,77; H 9,16, 
znd fraction; 68-88.2° at 1,5 mm, 1,5182, 0.9513, MR 6,15, calc, 65,19, 
Found C 61,61, 81,87; H 9,40, 9.86 Calculsted C 81,77; H 9,16, 


Both fractions were colorless, highly mobile liquids with uniqas odor, end gsve the seme products on cxlds- 
tion with 


Oxidation of pentenylerfool, a) Oxidatics of 8.23 g (0.63 mole) of Practica 1 in 123 mi cf ecae 
tone and 10 mi of waver with permanganate gave 2.03 g (42.3) ef cf 


acid (9}, m. p. 43-47 (from mizrare of ether end ether), of ths cll (3.63 

from the neutral portion gave 1.€4 g of a fraction having by. 100-180 a8 S-46 mm, 1.6353, end 0.3. g of 

faction having bp, 130-169 at 3-4 mm, nf} 1.5994, The cheained from these freee 
tons melted, respectively, et 219-220 and 218-219" (from which ecxrespond to the m. p. ef the 2,4-dl- 

Nwophenylhydra cone of p-methox yphenylacetophenons (10), A mixed tample with the 
tone of p-methoxyacetophenone, prepared end acetic eniyéride (11), thowed po depression of the 
melding point, The yield of p-methoxyacetophenone was 44.9% of theoretical, 


a 
2 
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Oxidation of Fraction 2 seme condit tons, but In dry LES g (38.57) oF 
ayhydratropic acid, m.p, $5-57° (fan misture of ether and petrolenm etter), end 2,63 g (62,65) GF 
syecetophenone, the of which melted at 210-235" (from xylene), A 

8 kuown asm pio mer hed écpremion of the melting point 


€) Ortdativn of 16 ¢ (0,01 mets) of Frection with 6.9 g of 8.3 m) of water, end 9.6 mi of 
concentrated by heating for 3 hours gave 0.7 g (46,0%) of m.p, 
phe ey 211-212*; 8 mixtere with brown semple melted st 214-21S% A negtigibie smount of eniste 
octd, mip, 182° (literatase dete, mip, 164°(8}), was tewlated from the ects portion, 


@) Oatdation of 1 g ef Fraction 1 with 75 mi of 26% HNO, gave enials acid, mp. 162-18 4° (after diali- 
lation end repeated fom water end alcohol), 


Alkylation of antwole with pertenylantsole Im the presence of BFy" From 19,03 (0. 1 mote) of 
peatenyleciole, prepared wid HyPO, 23.3 g (0.22 mote) of anole, sad 2,63 g (0,02 mole) of HPO, 
after heating on water bath with stiring for 2 bows, was obtained 10,25 g (33,42) of Caatsylpentans Gaction, 
b.p. 190-207° et B nun, a5 1.5610, MR calc, 86,03, Upon tee edditton of alcohol 
and freezing, the substance almost completely crystallized, 106-167,0° (from elcohol), Liicrature data 


(8} few 2,3-bix pentane, 105-1687, 
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SYNTHESIS OF ALIPHATIC DIALKYLAMINO ALCOHOLS PROM DERIVATIVES 
OP THIOPHERME 


Goldferb ead M. 


Ibragimove 


(Presented by Acedemicten A, A, Balandin, November 27, 195) 


in the light of the date we obtains d during a study of the reductive of tenlsry mines of the 
thauphene scrica tt was of interest to investigates the possibility of preparing by en analogow toute 
which, es well knowa, ere ia portant kagmens th syntieds cf phydclogicelly ective sutstences, 
thors with encethetic, antizpsamedic, of by potenstve sotcres, In this conncciion, should ba noted 
that an spite of the very broad rence ef application of tie amino aicchols, methods for their preparation ere 


fa certain by the composition of tha tridal substances, and in cthes cases by Go prin- 
sipixs on which the ts based, 


The method developed by us for the preparation of dtalkylamico elcohobs Is Ulustrated by tho following 
here 


HND, 


Hoc,cH, 


Re — 
~ CH,NR, HOCH,CH,CH,CH,CH,CH,CH NR, 


A -Hydroxye thylation of tertiary amines cen be carried out by ths ection ef ethylens oxide on the epproe 
Dnate organolithium compound (2), The aumbes ef methylene units experating ths amino gorp fom ths hydro 
ty! group is seven when Guophens is used, but when dithicnylme fiens fs used ths marting material the enme 
her increased to twelve, Moreover, there ts ths possibility of changing the cegree of brenching of ths chsta by 
ttarting with dituvenylmethanes having varfous alkyl radicals subctitutsd on the methylem prove, 


The question of the structwe of the organciitiium compounds famed by the actica of 
tertiary amines of tha thiophene series and, consquently, of the svuctura of eming elcchols cbtalaed from 
them could aot be considered unequivocally decided a pricrl, since, ln egreement wits the views ef [5], 
carrdination of the alkytlithiun could be visualized es occurring bow at the sulfa ator end tha 
‘min, In this connectica, we carried out the synthests of ons of tee emi{no alcohols prepaicd by S-disthyl- 


thy -bydroxyethy a, by route which had to bead to the foznistica of only the emtno 
alc of structive (1): 


| 
CH,NR, Li- CHi,NR, 
: [ 
m 


On compstison of this amino alcohol (I) with the eminoatcoha! of the same composition but prepared by Scheme 
A, tt was clear that they were identical, This, it can be comidered a3 proved that the reaction (arming aigaage 


Uthien compounds from tertiary amines of the thiophene series proceeds according to Schemo A, end Ust the 
amino alcohob formed fran actually have the structure Indie ‘ted in Scheme A, 


Developing the work tn the indicated direction, froin embics of the thiophene series (V, IV, VI, Vil), of 


which VI wes prepared for the fit Ume, we synthetized by Ge method Indicat:d aobve the thiopicae emino 


we wines 


save 


axe 


Reductive gave the corresponding aliphatic dlaikylamino alcohols: 


Are 


EXPERIMENTAL 


8 -Hytroxye thylthtophene acetate (A-thienylethyl ecetate} (Tl), To @ eolution of 17,8 (0,14 motc) of 
§ -bydroxyeth yitucphene and 22 g (0,28 molc) of dry pyridine 60 ml of dry benzens was added and 
with stirring 13,2 g (0,17 mote) of ecetyl chloride, Tho mixture was treated with 100 mil of tee water, end the 
benzene layer separated; the squcow Isycr was extracted with benzene, The benrens solution wasted with 


solution of sodium bicarbonate, After distillation of the solvent, further gave 18,6 g (73% of 


veticel) of ecetate with a bp. of 115-117°/16 mm; 1,028; 1.1303; Found MRy 41,98; calculated 
4,81, 


Found C $6.59, 56.50; H 4,86, 5,88; 18,74, 18,72, Calculated % C 66,44; H 5,92; 
18,94, 


S14 - Acetoxye thy!)-2-thiopheneca tboxeldehyde (11), Acetate I wat formylated by the method of Weston 


[| 
C101 
ext 
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owt Wehach Ferm 14.839 (91 mcte) of (9,09 mete) of Nene end 12.9 (0.9 
of phosphor wea chtstred 147 of theoretical) of ecetsis with bp, ef 


Fonnd Te $4.93, HATS, ICI, Calculated Sr C 
16,17, 


The try Pry drazorse metted at 1°, 

Found N14.61, 14.9%, Calewlsted 14,80, 

thy Laminome thy!-2-(A 6) 7 g (0.35 mois) of 1B, g (0.158 
mote) of 96% formic scid, acd 0.07 mole) of smine by the mx tod ef Smith end Cavallito($} 


has beea uscd previously ous (1), wes obtained 1.7 g of a boiling 162-103°/15 
mise: 15292, Naphthylurcthan of mp, 65° (Sora bepace}, 


Found & 69,35, €9,51; H 6.93, 6.70; $ 7.92, Calcclated fq C H 6.8% 8,53, 


bi Hy cronyethy lation of 14,2 g (0,03 mote) of Gethyl-3-theny lam!ine (1) wes carted cut 
described in reference The mixture was Sydrolyzed, the ethes layer end the w3ter 
‘ayer extracted with ether, Alter separstion of Gis eivent, distillatica of the gave 0,1 g cf smino 
new with @ bop, of 148-150°/7 mm, al} 15310; Found 62,61; csiculsied €2,59 


Found C 61,85, 61,54; H 9,20, O12; S 1487, 1469, Celeulated C 61,02; H 899; 
$ 15.03, 


Naphthylurethan, 63-64%, A mixed sample without depreasion of hs melting pofnt, 
Found  N 7,09, Calculated N7,32, 


Amines V and Vi were prepared by the method described by us previously {1,5} 


N-(2-thenyt piperidine (V) From 22.4 g (0.2 mole) of thiophens carbozatdchyde, 24 g (0,5 mole) of 69% 
terme acid, and 34g (0,4 mole) of piperidine wes cbteined 23,3 g (64.5% of theoretical) of V; 192-106°/ 
“en, 1.8390, 71,0443; Found MR, $4.38; calcetated MRp 54,25, Campbell end Kseding reported 


of mm: aD 1.5373, 


Found C 64.55, 66.26; H A.27, 6.34, CyHySN, Calculated C 66.25 H 8,34, 


Methtodide, m,p, 160° (from aba, Campbell and Kaeding reported for the methto- 


Of V, This figure ts undoubtedly tn estor, alnce ths methlodida of temple of V synthesised by us by the 


‘rethod of Campbell end Kaeding from chicrome thyithioptene elso meld at 160°, aad o mixture with the 


earve methodide melted without depression of the metring polnt, 
Found N 4,47, 4,26, Calculated  N 4,33, 


$-Die thy thane (VT, From 35 g (0,17 mote) of 


ed 

arom aldchyds [7], 20,7 g (0,49 mole) of Sire formic acid, and 25,2 g (0,85 mols) of wes od- 
‘sine? 30,35 g of theoretical) of an emine wiG of 176-177,6°/7 mm 1.6641; 1,688; Fosnd 
MEY 79,30; Catculated MR 79,05, 


Found C 63,23, 63,19; H 7,17, 7.24; $ 24.23, 2443, Calculated C €3,53; 17.2% 
$ 24,16, 


Methiodide, 161,5-152,5 (from ebsolute skcohol), 
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Found tr W220, 3.28, Catculeted N 3,44, 


2-(A (VITl) was prepared similarly From 14 (9,02 
mole) of V, 5,2 mole) cf hutyllithtum, and 5,3 g (0,12 mote) of ethytene oxids was obtsined $,9 g of en 
amino alcchot wit: bp, of °74-177°/8 mm; 1.8520; 1.1040; Found 65,22; Calculated 65.01, 


Found % C 63,64, 63,93; H 6,64 8.43; $ 14,05, 1419, Cyt SNO, Calculated C 63,05; H 
$ 14,23, 


Methiodide, (from absolut éicohol), 


Pound 3,99, 4.19, Calculated N 3,97, 


8°-Diethylam tnome thy l-5-(4 -hydroxye thane (IX) was prepared simflarty to 1, 
From 39,5 g (0,15 molc) of VI, 9,6 g (0,15 mole) of butyllithium, and 20 g (0,22 mole) of ethylene oxide was 
obtsine d 16,7 (36.5% of theoretical) of IX; 198-204°/4 inm; m,p, $3-49° (from petroleum ether), 


Found C 62,17, 62.26; H 7,52, 7,54; 20,54, 20,95, Calculated % C 62,09; H 7.49) 
20,72, 


The hydrochlaride of the p-nitrobenzoate of LX was prepared by saturating an ethereal eolutton of tha 
p-atvobenzoate of 1X with dry hydmgen chlocide (8); 163,5- 134° (from absolute alcohol), 


Found 85,37, $5.59; M 4.37, 5,65, SMO! Calculated C 55,80; H 5,69, 


Die thylam thy!-2°-thieny!)-2 45-4 (X) wes prepared similarly 
tol, Frony 33,75 g (0,11 mole) of 7.1 g (0.11 mole) of butylithium, end 7,1 g (0,10 mote) of ethyl- 
ene oxide was obtained 26,1 g of X with 2 b.p, of 233-236°/7 mm; 213-216°/4mm 1.5639; 1, 1045; 
Found MR), 199,52; Calculated MRp 103,66, 


Found C 64,77, 64,70; H 8,16, 8,29; S$ 18,13, 18,17, Cyt, Calculetid % C 65,09; H 6,34; 
$ 1#,29, 


The reducttye desulfurization of the amino alcohols of the thiophene series was cartied out by the method 
previously described by us [1] using skeletsl Mi catalyst prepared by the method of Adkins (9}, 


1-Diethylamino-7-heptanol (XI), From 35.4g off, aftcr @ 30-minute heating with Raney Ni, was obtalned 
TAR g (44.5% of theoretical) of a substance with a bp, of 130-132°/9 mm, By 4 second distillation was ob- 
tained 12,8 g of (XI) with a of $29,5-120°/9 mim; np 1,4569, Literature data; 192°/9,6 nim; 
1.4561 (10 199-141°/25 may 


Found C 10,21, 70,15; 13,32, 13,16, Calculated C 10,50; H 13,47, 


The hydrochloride of (1-chloroheptyl)dicthylamine (XV) melted at 85° (cf, 
Found N 5,66, 5.86, Calculated N 5,78, 


1-Piperidino-T-heptanol (X11), From g of after 30 minute heating with Raney Ni, wes cltsained 
(50% of theoretical) of en amino alcohol with of 147-150°/7 mim, A sctond distillation pcre 2.49 
of Xf with a bp, of 144-1479/7 mm; 1,477}; 0.2253; Found MR 60,68, Hydroe 
chloride of N{T-chlorohe pty N piperidine, mp, 146-149, 5° (reprecipitated from alcobul by ether), 


Found 86,15, 56,45; 10,07, 10,00; Cl 27,43, Calculated C 66,68; H 
Cl 27,89, 
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From 10 g amino elcohol IX, efter e 80-minute beating with Raney 
Ki, was obtained 6 g (452 of theoretice!) of eudstance with of 140-175°/7 mm, A second diaifisticn 
gave 2 g Of with a b.p, of 173-176°/7 mim; ny 1.4611; 0,€891, Found 81.50; Ceiculsted MR 
155, 


Fourd 14,64, 74,56: H 13,63, 12,61, Celculsted © 74,64; H 13,70, 


1-Die try tam ino-6-methyl-6-¢ thyl-12-deviecanot (XIV), From 6,6 g of X, efter 6 heeting 
with Rancy Ni, was chtsined 2 g (thecretical) of 8 substance with a b.p, of 170-103°/7 mm, A second distille- 
thos gave 12 g of XIV with bp, of 190-192°/Tmm; 1,4650,; Found MRp €5,69; Catculsted 
MIR 95.4h 


tound % C 15,97, 76,28; H 13,69, 13,71, CyHNO, Calculated % C 16,18; H 13,80, 
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CHULOROSULFONATION OF METHANE WITH SULPUR DIOXIDE AND CHLORINE 


G. Gryesnov, A, V. Topchiev and G, M, Tsiguro 


At the present (ime there ts no known meted for the production of methancrul chicsids ty the direct 
of methane, This compound ts equally prspared from salt of ecid by the 
action of phowphorus pentachteride (1) or from free methenesalfonic actd and thionyl chicrics (9}; in tha latices 
case, up to enhydids ts elmukancouly formed (5), The best resuly ta tho preparation of 
methanesulfcay! chloride ere obtained by chicsination of 


Tke chlorcsulfonation reaction proceeds dilfcultty with ethene end etl! more difficultly with methzn 
ae carried out experlinents oa the photochemical chlerczulfonstion of methane 6 quests apparstes, Dutis 
the cours of the experiment, observations were carried cut on ths composition of tro reaction mixture the 
and vapor state, Lradistion of the peseous reection mixtum was camied out with ultravicict light 
inga wevelength of 3850 A co with (Ace? LS A), 


Appreclab!s emounts of m= thancsulfony! chlorides were not fornied In Cho ges phsso uncer ths Influence 
uluaviotet Ught of cf powerful x-ray trradiation (Intensity of tha besm et tho tudes wictow w29 33,6° 16° 
em?* see or ~ 2060 t/second), The matin reaction products under conditions wera chicro dativa- 
tives of metheno and tulfury! chiorids, which were isolated tn very small 


We feel that photochemical chlorceulfensation of ellphatic hydrocarbons can proceed not only by a chain 
‘wchanism (5}, but, es shown by our experiment, tho formation of elksna sulfonic ecids (as Intermecists come 
unde) can also taks place, 


Under the influence of activating rad{ation, resction of the aliphatic hydrocarbon with an activated sul far 
sonide molecule proceeds with the fornation of en alkancsulfinic ecid 


RH + RSO,H 
snd itis then oxidized by chlorine tw form the sulfony! chloride and hydrogen chloride 
+ Cl, RSO,Cl 4+ HCI. 


During the chlorosulfonation of methene, the mast difficult? stage fs ths formation of methensmlfinfe acid, 
sich is formed fem roethene end sulfur dlozids with a ytetd which ts ten Cries bess than for oftsr hycrocare 
The quantum yleld of methanceulfintc @cid attains valus of only 0,008, tn tho formetion cf brtae 
welfinie ecid this & edout 0,23(6}, Tho very low content of chloride fa tha products 
photochemical chlerosulfonetion of methane with gascow ectfur dioxide and ehicring ts evidently dvs 
"the low specific role of the formation of methanesulfinic ecid in comparisoa with the simuftanzouly cccure 
photochemical chlorination of methsns, 


For more successful direct syntherls of methsneculfonyl chioride, It ts necesedzy to carry out tho chloro 
Munation of methane under condiuons permitting @ higher dcgres of of methane with the formse 
of methyl radicals than fs observed during the action of ultraviolet irradiation, 


° 
£87 


For confirmation of this conclusion, we carned ont spectal experiments on the cMormsulfonation of methane 
with gescous tulfis cloxide and chlorine tn a Mow systern in the field of a high-frequency elsetle discharge 
(esteviated wavelength 357.6 m), The gencrator of the high-frequency attenua ted vibrations was a ©Testa® 
transformer with an vutput of 200 watts at 1,000,000 volty This transformer was fed with 2 lehw ofl trénsformee 
with @ 10,000 volt Jurput, 


The epparatus for these experiments was a vertical glass tube, along the of which wee @ second 
tubo of 2-mim dismeter which was filled with mercusy and which served as the electrode to which 
fed the high voltage, The external grounded electrode was a wire spiral which was submerged fo @ conductor 
te contact with the reaction tube, 


Under the conditions described, the yteld of ine thane sulfonyl chloride reached 2-Yh, c8lculsied om the 
methane, The formation of methanetulfoay! chloride was demonstrated by tre preparation from mt of tho micts 
naphthylsulfamids, 


The {initial reaction gases were fed to the reactor ta. cquitnolar amounts, The feed rate of the gases waa. 
vatied in the different experiments so that the realdence Gme of the reaction mixture In the ficld of the dis- 
charge varied from 0,8 to 4,4 minutes, 


During the chlorceulfonation of methane, sulfur was deposited on the wall of the reactor In @ considerable 
amount, Betldes methanesulfonyl chloride, an lisigniNcant amount of methtony! chlorida end 
tather latys armowmt of mono- and ai- chiccomethonesulfonyl chlorida methylene 
chloride, chiczoform, carbon tetrachlorids, sulfuryl chloride, and carbon disulfide were chserved in tic 
reaction products, 


The formation, under these conditions, of methanesulfony' chloride ‘can be represented as chaln process, 


Initiated, chiefly, by methyl radicals formed in the process of the dissociation of methans molecules, which fs 
excited by the high-frequency clectle discharge- 


and also as 4 result of the reaction of methane molecules with chlocine atoms: 
CY 
The methyl! radicals react with molecules of sulfur dioxide with the formation of methancsullinfe radicals 


which, reacting with chlorine, given methanesulfonyl chieride 


The preparation of methanesulfony! chloride in the field of a high-frequency electric discharge confirmed 
ow supposition that chlorosulfonation of methane with gascous sulfur dioxide and chlorine can proceed with ap- 
prectable ylelds only wader those conditions where the method of carrying out the experiment provides for the 
formation of a relative ty large excess of methy! radicals in compatison with chlorine stoma Under the condl- 
Gons of our experiments, as consequence of the insufficient formation of methyl radicals eccording to Scheme 
(1) and also owing to the compsrativeiy high concentration of molecular and atomic chlorine in tio reaction 
mixture, the chain procets of the chlorosulfonstion of methsne was not markedly developed, apparently owing 
to breaking of the reaction chain by consumption of the r2dicals In the processes; 


$0, -1 CI --"SO,C1; 
CH + C11, S0,C1, 
"SN, C1 CY 


: 


The epecific rote of the of methane Is decreased, moreover, by varfous reactions 
(among them the methene chlorination chain reaction) resulting In the liberation of tee compounds fidkawd 
ahove, 


This, two hanisms of the chlorosulfonation of esturated allphette hydrocarbons can occur: 


1, Photuchemtcal chtorosul fonstion proceeds through e stage of the formstion of a tulfintc acid, and It 
osldized by chlorins to the sulfonyl! chloride, 


2, Chinreealfonstion tn the fleld of an clectric discha ze proceeds through a stsgo of the formstian of 
radicals, end bes e chain mechanism, 


The tm principle, of the peeperstion of me tianesulfony! chloride by the direct chloroeulfons- 
temof metiane with gsseous sulfue dioxide and chlorine was experimentally demonstrated, 
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“SYNTHESIS OF C- © DERIVATIVES OF J-ARABINOSE 


Yu, A, Zhdenov and G, N, Norofeenko 
(Presented by Academician A, L, Oparin, November 21, 1956) 


In previously published work [1-3}, we described the preparation of some carbon-carbon substituted mono- 
«tiglucose, galactore, xylose) by organomagnesium syathesla, This routs has still not bean used for the syne 
aesis of C-C derivatives of l-arabinoss, which enters into the composition of many nstural substancca, 


By reacting 6 -chlorctrlacetyl-{-srabinose with the appropriate Grignard reagent, we synthesized C-C 
setivatives of this carbohydrate containing the following radicals; phenyl, entsyl, naphthyl, pheaetyl, o-tolyl, 
o-toht, thienyl, and butyl, The general formula for these compounds 


C hlor{nation, bromination, and fodination of antsy! and phenetylarabinose gave the corresponding halogen 
Jetivatives, 


EXPERIMENTAL 


a-Tetracetyl-|-arabinoze was prepared by acetylation of |-arabinose with acetic anhydrido tn ths presence 
acetate [4], For tha synthesls of 20 g (0,033 mole) of ths tewecetyl- 
trabinose was dizolved in CO ml of chloroform, and 13,1 g (0,083 mole) of phezphorws pentachlords and § g 
(9,917 mole) of aluminum chloride were added, The mixture was beated In a flash fitted with a reflux cons 
Jerser ona boiling water beth, The solution was poured Into ice water, and the chicroform layer was mporatsd, 
waihed with solution of eodium blcarbonste and with water, dried over sodium sulfate, and decclorized with 
rctivated carbon, The transparent solution was diluted twofold with normal bexeno, end the solvent wes tlowly 


vvaporated, The product was pure crystalline material wit m,p, 150-162°, The yleld was 15-16 (85% 
of theoretical) é 


Then ethereal solution of phenyimagnesium bromide, prepared frora 4,08 g 
(9,17 mole) of ma gacsium and 23,7 g (0,17 mole) of bromobenzens, was edded portlon-wiss 6 g of chicrotl- 
acetyl-l-arabinose, The mixture was heated on a water bath for 4 hours, poured Into watcr, end decompaod 
with acetic acid, The water layer was evaporated to dryncis snd ecetylated; the reaction mixture was poured 
into water, extracted with ether, end ths ether soludon was wazhed with water end dricd, On Cisullation of tha 
ether there was obtained 2,7 g ofa light yellow syrup, which wes dissolved in a small emount of butanol, On 
Cooling, 18 g of was cbtahicd, An additional 0,6 g of the materfal waa separated 


evaporation of the mother liquor, Ths total yleld was 2,3 g (42 of theeretical), M,p, 01-02% Tho 
“ance ‘s described here for the first time, 


Found C 60,85; 16,05, Calculated % C 60,71; H 5,95, 
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To an ethereal solution of Grignard reagent, prepared fom 3,99 g (0,18 
mote) of mepoesiuim énd 21,4 ¢ (9,18 mote) of o-bromutoluens, was & g yl- fez: 
Fisther treatment was carried out by the preceding method, Recrystallization “trom butane! sve 1,9 g (39% of 
Creeretical) of tn the form of a white crystalline powder wit: mp, 00%, 


The subetance is . aribed here for the fint tme, 


Found 61,62; 46,24, Calculated C 61.72; H 6,28, 


p-Tolylerfocetyl-f-srabinese, The compound was prepared by the preceding method scarting wit) a g 


(0,012 mole) of chicgcacetylarsbinose, 20,5 g (0,12 mole) of p-bromoteluens, and 2,8 ¢ (0 mocic) of mane 


nesium, Recrystalligation from butanol gave 2 g (50% of theoretical) of p-tolyltrlacetyt- [-ezzdinow fe the 
form of snuw-white needics with mp,  102-103°, The substance fs described here for tie ant Uime, 


Found 61,66: Calculated % C 61,71; H 6,28, . ‘ 


An ethereal solution of 3,9 g (0,013 mote) of 
was gradually added to a Grignard reagent prepared from 29 g (0,14 mole) of a-bromonaphthalene and 3,50 g 
(0,14 mole) of magnesia, Torther treatment was camled out by the usual method, Reerystallizaticn from butee 
nol gave g of thew: crystalline nay with 137 138°, 

Tho substance is described here for the first time, 


Found % C 65,55; 15,45, Calculated C 65,28; H 5.69, 


Thicnylturlacetyl-f-arabinose, 25,2 g (0,12 mok) of 2-lodothiophene and 2,68 g (0,12 mols) of mag- 
neslum were used. for the synthesis of the Grignard reagent, 3,7 g (0,011 mote) of 
was added to the solution of the Grignard reagent, The usual treatment and recrystallization from kepropyl 
akohol gave 0,8 g (20% of theoretical) of white, crystaline with mp, 93-97%, 
Che substance is described here for the first dme, 


Found % 82,34; H 5,48, Cygtyg)S, Calculated % 52,47; H 5,54 


An ethereal solution of 5 g (0,016 mote) of chlorvtrl incre wes 
added to sn cthercal solution of Grignard reagent prepared from 31,8 g (0,16 mote) of p-brornosntsole end 4,08 
4 (9,16 mole) of magnesium, The wual treatment and recrystailization from buting! pave 2.5 g of thoo- 


retical) of in the form of lustrous, cream-colored necdics.with 
The substance deectibed here for the first time, 


Found % C 89,14; H 5.96, Calculated C 59,01; H 6.01, 


An ethercal solution of 7,6 g (0,026 mole) of 
was added to an ethereal solution of Grignard reagent prepared from 49 g (0,24 mole) of p-bromophenetols and ¢ 
4.76 g (0,24 moie) of mignestum, The usual veatment end recrystallization from butanol 3,6 (20% of 

theoretical) of phenetyKriacetyl-]-arahinose in the form of needles with m.p, 26-127", The sudsunce fy 
described here for the first time, 


Found az C 89,93; H 6.25, Calculated C 60,00; H 6,22, 


Chior: inate, 0,5 g of was 10 mt ef carhoa 


Orv 

tetrachtorice saturated eh lorine, After en hour, ie solution was poured Into water; ths was 

separated, wacthed with @ solution of sodiiun bicerbuns ate, and dried with enhydrout after which 

te solvent was distilled, Thesttpy residue was di: in @ amount of Bicchol, Ga 

ing, 0.45 g of white, crystalline j-srabinoss, in, p, was The 

is deserihed here for the first time, 


Found % C $3,64; H 5.41; C1 R,77, Cl, Calculated C 53,79, 6,48; Ct 8,94, 


0,5 g of wea chiotinated unde 
the ssme Conditions used in the preceding experiment, This gave 0,65 g of which we were enable 
ervstallize, The predvct contatuel 15.41% chiocina, which correspond to the chictin: content ef 
tylutacetyl-l-arahinoce (calculated, 18.68% chlorins), The cdviow of ths product, cond dozing the 
ottenting effect “2 ethoay group, fs the following: 


0,9 g of was Guolved in mixture of 
s6 ml of glaclal acetic actd and 3,5 g of bromine, After en hour, the solutica was poured into water and ex 
wacted with ether; tha ether Leyes was washed with water end solution of sodium bicerbonate end then dried, 
aftcr which the ether was distilled, Recrystallizaticn fom butanol gave 0,9 g of 
in the form of colorless needles with m.p, 329-130", The substance ts described here fos the first time, 


Found 48,36; 14,86; Dr 18,08, C4) Calculated C 43,43; 4,93; Br 17,97, 


Ina similsr manner, brominstion of 0,9 g of phenetyliriacetyl- 
s!-arabinuse pave 0,85 g of an uncrystaliizable sirup of ths dibromo derivative, The substance 
(calculated, 20.75%), The substance ts described here for the first Uime, 


lodination of the anisyl- and phenetyl-substituted erabinoses with lodine chloride gave ths lode dstivee 
nvecin the form of sirups, was also obtained In the form of én uncrystaliizeble sirup 
yle ld, 

LITERATURE CITED 

jt} Yu, A, Zhdanov, 1, 1, Shcherbskova and T, N, Egorova, Proc, Acad, Scl, USSR, 83, 403 (1052), 

(2] Yu, A, Zhdanov and L, Sheherbekows, Proc, Acad, Sci, USSR, 60, 186 (1955), 

3} Yu, A, Zhdanov, L,I, Shcherbakova and R, V, Golovna, Proc, Aced, Scl, USSR, 107, 259 41036),¢ 

14] ©, S, Hudson, and J, Date, J, Am, Chem, Soc,, 40, 992 (1918), 


Moletoy Rustoy-on-the-Don Received November 19, 1956 
State University 


* icinal Russian pagination, See 8. wenstation. 


oace 
a 
| 273 


{ 
{ 
| 


CONDITIONS FOR THE FORMATION OF SOLID SOLUTIONS 
OF ORGANIC SUBSTANCES 


A, Kitatgorodsky 
(Preeented by Academician A, N, Nesrecysnov, October 19, 1859) 


The attractive fueces ectiag between the molecules fromm which organic molecules are constructed have 
weak direc tive lofluence, Therefare, the teadsacy towerd minimum energy Mads expransica ta 
toward dense packing The symmetry class.and the dense packing completely sufficient for 
a+ andemtanding of he suuctue of an otgenic crystal, In contrast to la motstiic aad 


election bonds can completely suppress symmetry factors and dense packing, 


preciscly for reason tist it is possible to atiemp? the formulation of rules for the fosmaticn of 
wid solutions uf or attempt being unsuccessful for other of compounds), 


vie fly, solid vorganic erystals, A forelgn moleculs cana replace @ mole- 


te of the basic crystal if the twolecules of both are siinilar in form 


Closuness of atocnic dimensions Is a necessary condition for the formation of exdstitutions! cold golutions 
and metalic erystsh, In organic crystals, slinilarity of formn end dimensions ef the molecules is 


-«cmtry and sufficteag however, it ls considerably more difficult here to characterize the amount of Lomor- 
the molecules, 


Analysts of the existing experimental dats shows that substance A dissolves In substence B under bol- 
~ing condittona, Let us imegine that one molecule of subssnce B removed from a Ws now piece 
srivtecule of A in Ge vacant ‘place {a Ure ideal crystal Leetice of B, Uf the substitution can be eut wit 
the terme of contacts end with retention of the : sackh wiCda 
ue, then solid extction ts formed by the The permisibie limite of radii foe Cc 


ond ators ore, rex 1,05- 1,35, 1,65- 1,25, 1.48-1,68, and 130-150 A, 


We now méke forther pttempt to establish correlation between fractional solubility end dimensions 
veriting from the mixture compression end volds, 


Solution by addition ts posible tn organic systems tn rare cases, The picking eocffictent ef orgente moles 
risvin a crystal fs tho renge 0.6 to 1}, This mesns that ia orgenic erystah, enall woics ere powlbie with 
twtal volume of order of 10% of the volume of tw molecule, 


This, sddidwe sotid ectutions of A ta B are formed If the volume of A to épproxtmately 16 Crnes fess than 


‘tat ul molecule B, te ts andemmod that nut only the volume, but @leo the form of tho woids ls 


setd solutions ere alto por Mle with unlimiced toluility, however, for tho formation of 
solutions, ef ths molecules ta merely required, but & not tufficient condition, 


if metecutes A B art the tn farm end @meneion, mo tecata Ace mplece 


crymsl Doering the of of molecuics of Bean 
“rece es before, of com chanze with dia ef the filmt molsedies of 


an matecuics tn the crystal of B con es before ta folising 


Wf moleccte B occupies an paitica® ty Cx wits 
not cantein en invertiog ceater Ros pianes of eyi: 


tj 
3 
| 
; i | 
4 
| | 
3 The symunetry of 
© eitth any bymeric try ef molec ul 
| ety ty be gas itton of bo ty 


nonasymmetsic motccules of A of with ao ‘equal ninnber of fevo and dextra forms of molecutes of A, If the 
molecules of B occupy @ potion in the crypts), 

The syrnmcity of the distribution of the molecules In the eryrtal changes discantinuowly oa fhe 
ton of the metecules of A Into the solution tf the molecule of B occupies 6a asymmetie podiion the 
crystal end the molecules of A are asyrunctiic (one of the forms), 


Let A be soludic In and B be eclubtc in A, With forme of the mofecutea, @ continuo ecrica of 


solid tolutions is tn the following eases: 3) If the eymimetry of the distribution moletulss is 
of A end B the esme; tf the symmetry of distribution of the moleceies In crystsh of A dtfier, 
the symmetry of the distribation af the molecules in crystel of B chenges wit the intwedsction 
of molecules of A into the erystsl of B, This epplies particulerlyto te solution of asymmetric meircules 8 

tecemste, A continuous series of soitd solutions ts impossible tf the eymmety of diwibution of molecules 


ia crystals of A end B differ and If, in addition, the molecules of A enter B without chagglag Un syaunety of 
the distribution of the molecules tn the crystal of B, and molecules of B enter A without chinglag Ge syrametey 
of the distribution of the molecules ta the cryztel of A, In this case, hese are two solid phasa, Gad this moans 
a wilesctbility 


Ignoring ssymmetric molecules, It b possible to state ‘that the required cond tition for ths formation ef 
solid solutions in proportions (this relate to all three types of continuous solid ealutions) fs eyme 
metry of the reciprocal distribution of the melecuies of the mixed substsncea, Lo,, Identical space croup aume 
bers of the moiecules In the unit cell, 


but very similar in molecular packing are known, If, with this there Is, never 


33, 
in the eymmety of the reciprocal distribution of the molecules, ther 6 continuous series gee Ud miutions bee 
comes impowibic, th any concentration interval there must exit o miscibility gep, or, in other word), cone 
tinuous chaage In concentzation In Ge solid stete poadible only through phase 

The closer the molecules of such crystals tn fora and the more related in packing, the mora probebte ts 
amiscibtlity gsp, There fore, It ts no wonder that investigator have not nomd th and have fc ind eontine 
vous series of solid solutions of types I and Ml where actually there are, respectively, solutions of types iV end 


An extremely great number of systems have been erroncously described in the Utersture 
wlid solutions, 


Thut, for example, the following heave been Incomectly referred to cold rolutfons of typo § 
(data from Landolt) enthrecene-carbazole; benzene-thtophene; 


decane, heptadecane-or tedecene; dibensyl-stiibenc, dibensyl-tolene; gap ithalanee 


The following have been incorrectly referred to as type If; 
ezobengene-Cibenzyl, na phthalene-§ -chloronsphthalene; 
dinivrons phthatene- 


It suffictent to not that enthrecenc, bipheny!, and naphthalene have 3 molecules wile call of 
Coy symmetry, which ts lmposstble for substances the molecules of which tack 8 eeniae of ey 


tiv oe 7 


We encountered erroneous structural diagrams dusing en investigation of the structore ef eol!d extuttons ef 


organic substences by xersy suuctural enalysts, Tha resutee of work, (ire wits respect tho 
solid solutions of the systems stilbenedibensyl and hrens-entivetens, will be te ta pisce 
x 
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INVESTIGATION OF THE MECHANISM OF THE ALKYLATION OF 
ALCOHOLS WITH N-TRIM ETH. YL-a-PHENETYLAMMONIUM IODIDE 


Corresponding Member Acad. Sct. USSR D. N. Kursanov and S$. V. Vite 


The aim of out work was the investigation of the question of the mechanism of alkylation with emmontum 
wht. containing substituted benzyl (a-phenetyl) radical, 


It as well known that ammontum compounds alkylete alcchols with the formation of ethers, In particular, 
‘\-henzyldimethyl phenylammoatum chloride reects with alcohols st @ temperature of 140- 180° forming tha 
*enzyl ethers of the alcohols [ 1): 


Anunonium salt containing a substituted benzyl! radical also underyo alkytation (2, 3} 


It has been established by @ number of euthors that alkylation with ammonium compounds bs 8 heterolytic 
reaction [1,3,5,6} 


thewever, up to the present time there have not been tuffictent data for a solution to the pradlem of ths 
manner in which the wacsfet of the radical from the ammonium alwogen t he alkylatable substance 
tor example, an alcohol) proceeds, 


Alkylation reactions with smmonium compounds are related to Sy type substitution reactions, which can 
stoceed by two toutes; 


1, The formation of the new bond proceeds simultaneously with the rupture of the old, Such reactions 


am called synchronous reactions, Reactions proceeding through an activated complex aro charsctertstic ex- 
smples of synchronous process*s, 


2. The formation of the new bond precedes the complete rupture of the old bond, Fee catbonium fons 
arc formed thereby, Such reactions are called asynchronous reaction, 


The use of optically active substances penni differentistion between synchronous and esynchronous pro- 
cesses, Synchronous reactions tnvolving sn ssymmetric center ero eccompanied by Inversion (or retention) of 
‘anfiguration, while ssynchronous reactions (proceeding through the Intermediste form toa of frea-carbonlum 
tons) are Becompanted by complete racemization 8 consequence of ths planar structure of carbonium fons, 


We studied alkylation of methyl, ethyl, and n-butyl! etcobols by an optically active d-N-ulnetlyi-g-. 
dhe netylammeontum salty 
If the reacdon proceeds hy 8 synchronow mechanism, then, on the basis of he ebove dlzcumton, optical 
‘etivity must be retained in the reaction products; if the reaction proceeds by on asynchronous mechanism, the 
feacton products must be void of optical activity: 


} 


om, 


The alkylation reaction was tudied in the temperature mterval 155° (at a temperature below 135°, 
the alkylation of alcohols by -phenety lanimonium iodide proceeds too slowly), The alcohol 
being alkylated, which was ued in exces, served as the solvent The a-phenetyl alkyl! ethers formed in ue 
reactions were iuvestipated polariime Uicall), 


It was shown that in allof the cases investgated the ethers obtained did not possess optical activity, How- 
ever, it was still not clear whether race:nization occured during the alkylation rcaction of in the original am- 
monium salt a3 a result of heating with alcohol at the high temperature, In order to answer this question, we 
eartied out the reaction under conditions such that the d-N-timethyl-a-phenctylammoaium fodide id not re- 
act completely, The unreacted N-timethyl-o -phenetylammonium iodide was subsequently Itolated fran the 
reaction mixture by fractional crystallization, Mowas shown that the Olt tsolated from the reaction mixture 
almost completely retained is original optical activity, while the a-phenetyl methy! ether obtahied wes al- 
most completely devoid cf optical activity, 


It follows from these date that the alkylation of alcohols by N- uimethyl-a@- phenetylammontunr salts pro- 
cecds through the intermediate formation of an a-phenety! carbonium ton, by an asynchronous mechanisn 
(Scheme BL 


EMFERPESCENTAL 


d-N-ditne thyl-a-phentylamine, A mixture of 156 of pure I-malate [7], 180 ml 
of 85% formic acid, and 175 ml! of 30% formalin was heated at 95° for 19 hours, 75 mi of concentated hydro- 
chlorc acid was then added, after which the forinfic acid and water were distilled under vacuum, The residue 
was dissolved in water, alkalized, and steain distilled, The disullete was extracted with 20 ml of acetic an- 
hydride, alkauized, and extracted with benzene, The product was fractionated, The yield of d-N-dinethyl-a- 
pheretylamine was 73,2 g (81% of theoretical); nf} 1,8022 - 1,5024; 0,9927 0.9030; * 70.8- 71,6" 
(without solvent), ¢ 


It has been ce potted [8] that has {afi} 


fodide was prepared from d-N-diincthyl-a-phenetylamine end 
methyl fodide by # well-kiown method from the litcrature (9, The material, recrystallized from a mixture of 
acetone and ether, had m,p, of 157-157,55¢ 12,3" (in HO, C = 8.8%), 


3, Reaction of lodide with methyl electol, 0,05 mole of d-N-ti- 


me thyl-a@ -phene tylamrmonaium fodide and 0,2 mole of absolute methyl alcohol were heated tn scaled ampoule 
for 5 hours at 136 1°, 


The contents of the ampoule were ucatcd with 50 ml of absolue, peroxide-free ether, The emxnoalum 
salt was quickly tuction filtered and washed on Ge filter with a-small amount of ether, Tha resulting echercal 
soludon was washed with water, wlth a 0,5 N solution of sulfuric écid, and again with water, after which it 
was dicd with potaslum carbonate, The solvent was distillod th a column, 1,63 g of a-phenetyl methyl ether 
was bolated, 68,5-69,5° (20 mm), nf} 1,495), 


Determination of optical activity showed that this substance was racemic, 
In@ similar manner, optically pure l-N-cimethyl- a-phenctylamine, = —.71, 2° (without solvent), was 


obtained by methylation of l-a-phenetyl amine d-tartrate, 
di-salt, 147-148", 


e Pe : 
¢ . 
1 te > e: 
id : e 
a 
-- 
2 
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From the ether-{reoluble emmonium salt infxture (11,5 g) were obtahed, by recrystallizaticn fom ece- 
tone -ether, 2.21 of tetramethylammentum fodide end 7,51 g of fodice 
which melted at 142,6-143,5°, Detcrmination of the optical ectlvity showed that the unrescted ecalt had a 
specific rotrtion dificring onty elightly from the tpecifle rotation of the arlginal d-N-trimethyl-a-phenstylam- 
nwnium fodide = @ 11,5° la place of 412,3° for the criginal salt), 


These dats show Cist the aliylation of methy! alcohol proceeds with the formation of en a-phencty! carbo- 


t um foa, 
The results of the experiment on the elkylation of methyl! alcohol with N-trimethyl-a-phenetylazmmontum 

fudide ere presented in Table 1, 

TABLE 1 4, Reaction of d-Netrime thyl-a-phenetylemmon- 
fodide with ethyl elcchol, 0,1 mote of d-N-time- 
thyl-a@ -phenetylammealum todide end 0,42 mok of eb- 

5 Comiguza- solute ethyl alcohol were heated tn a scaled ampoule for 

Be p.°C(mm)jticn of tha 11 hours at 135-137°, 

E é The reaction mixture was treated with 100 m! of 

a & 0.2 NH,SO,, filtered, and extracted with methylene 

8 chloride, The resulting extract was washed with water 

and with a solution of NaHCO,, end cried with Mg50,, 
14954 dl After distillation of the solvent end fractional dbtilla 


tion, there was obtained 4,3 g of pure ethyl a-phenety! 
ether, m.p. 60,5-61,0°(8 mm), The substance did not 
possess optical activity (led = 0¢ 0,2), 


Found C 79.73; H 9.34, Cy,H yO, Calculated % C 19,98; H 9,39, 


Reaction of fodide with n-butyl alcohol, 0,05 mole ef I-N-tl- 
methylammoilum lodids (optical purity 69.8%) and 0,17 mole of dry butyl alcohol were heated under nitrogen 
In a Nask with a reflux condenser for 5.5 hours et 12,6 a 3°, 


The reaction mixturs was treated with 25 ml of H,O end extracted with benzene, 


The benzene solution of orgenic matertal was washed with water, with 2 N H,SO, again with water, and 
with a 10% solution of soda, end was diled with K,CO, 


There was obtained 1,89 g of butyl «-phenety! ether, b.p, 90,5-91,0° (8 mm), RD 1,48 12, 0902, The 
mhstance proved to be optically Inactive 0.1 0,2°), 


Found G_ C 81,07; H 10,04, Cysty.O, Calculated % C 80,82; H 10,17, 
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CONTRIBUTION TO THE QUESTION OF THE EFFECT OF INTERNAL 
HYDROGEN BONDING ON THE COLOR OF ORGANIC COM POUNDS 


1, S. Mustefin, L, O, Matveew end E, A, Kashkovsekaye 
(Presented by Acedemicien  N, Naasrov, November 20, 1956) 


Solutions of dihalo derivetives of 2,5-dihydroxy -p-bemsoqulnone of of ksloanilic ectds posssm en 
ing feature; with the addition of elkall, these violet-calored compounds cheng la color intendty witout chang- 
ing color, Such behavics i somewhst unuusl, similar colored, solutle ergaale compouns capabie of spiit- 
ing off hydrogen len scquire 8 deeper and mov Intense color If change tn tis preacace of elkall, Te 


hy chance that we have almost no slngis-colored indicators with a colories alkaline fora, 


Contemporary chemical theory of coloe explaing, fn a tpccific manner, bathoclzomie and hyperchromic 
effects which usually sccotnps ‘> pH of a solution of a colored organic substance having aa ecid 
eNacecter, Thus, for example, accotaing Utory of Dilthey end Wizinges, the Gamition of colored 
stance Into the lonold state results in an Increase In absorptive power, to that the cola Intensty ef the fonold 
fre quently exceeds the color intensity of the corres ponding noalomoid by mos than a factor 
wf 100 


Actusily, in those cases when the action of alkal! leads, In the final analysis, to the filling of coordina- 
tive gaps, hypsoctiromile end effecw and even complete dccoloration of the substance bs 
This ts precisely what happens dwing the arsition of colored carboniuin salts into caiboay! pounds, 
ft example, 


However, the halosnilic acids sre structurally simple substances, 


x ot 


where X Cl, Br 


The hslogens in these compounds are stably bound, a2 follows both from the nature of thelr synthesis (cs 
‘ction of alkalt on sole mma igo nzoquinone) end from the fact that they react with ellver lons, even under ree 
‘atively severe conditions, with tie formation of the corresponding halosnallates rether than silvers halide, 


Duting the Identification of haloantiic acids prepared by us and purified ei to existing methods 


tt was shown that they correspond to these described in tes Uterstupa,® They ers strong The pH 
their 5° 107 golution a, calculated fran electrical conductivity, were, respactive chictanilic ecid, 


for bromantiie acid, 2,52; for lodoantiic ecid, 2,21, Thess data indicat te that the hydrogen of the second 
hvdronyl of lodoantiic cid ts appreciably lonized 


During. solution of these substances end thelr reaction with alkatics, there ts scereely eny distumence of 
thelr: molecular structure, so cist the observed optical cffect cannot bs explained 


concepts, it is more earily sssumed that solution, in this case, is accompantad by mors ev ten fisthor kunizae 
tion, and the section with alkaties= by salt formation with 3 cccompedtias 
G, Kagakova end 1, Storozheva participated in the m woek, 
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It should be noted that the study and explanation of the optical srope rites of the ectds bas not 
only the well-imown the ove tical interest, but also specific practical significsnes, tlace Cor of Hs 
considered chiovaniile acid — ts used as cokuimetife reagent for (6-9) 


As remit compsrieon of all the fact availabte to us, we were led to ths conciwica that the 
socfation of the ectds can be dcsceitwd by: 


colored colosiess 


Thus, we consider that the idea of Intramolecular hydrogen bonding provides @ guiding Guesd far undaz- 
steading the dptical propertics of the baloantiic ecida, 


The ebove structures cf the ect ts and thelr step-wise can handly provoke objections, Ge coae 
cept of the reversibility of the vecomposidon process end the emergence of intemal hyGogea beads c2a ba sche 
stsntlated not only by references to analogies, but slzo by energy conddcration, As tho effect of intsre 
nal hydrogen bonds on the absorption spectra of organic compounds, this question hes bec 3 cowldered ln Ga 
literatura in {ts varlous espects (10-12) 


The above scheme has number of come quences, In the first plece, dilution .cf solutions of halos 
antlic aci’s, the optical censity of these solutiow must decrease faster than would be expected from caiculse 
tlons based on the concentration of the dissolved substgnce, 


In the second place, the edition to these solutions of strong mincrsl eclda must be eccempented by a2 
appreciable tacrease In color intensity, and the edditian of alkslics by a harp éscreass, 


In the third place, the soluble of these ecics must color eolutions the seme color ths ect4, 


In the fourth place, the molar extinction cocfficteuts of the acids et maximum ebsorptioa rauct be can- 
siderably greater than thees of the soluble salts, 


In the fifth place, the addition to salutions of the acids of weter soluble substances of low dialectric com> 
stant must lead to en increase in the color Intensity of the solutions, 


All of these consequences ere in complete egreement with the experinrental face, which proceed 
to consider, 


The halognilic a-(ds and their salts are respectively etmilar in optical properties, as Cie epoctrel eurves, 
taken on @ Pulfrtch photorm ter (Figure 1), indicate, 


The molar extinction coc flicks of the acids and talts Cmol, ese respectively for Ces 
spectal region around $50 


-8 
Acid 
Chloranthc 0,77 0,18 
Bromantilts 0,2 
lodoanilic 0,84 0,23 


These dats indicate that the motae coeffictens of the ecids are 3¢4 thes | 
of thet: sain, 


On dilution of the estuttons, the molar extinction cocfflictent of the halosntile ecids and, 
coarection with Gis, the degree of dissoctstion Inctesves, 8s may be from the dats on ths ¢..-5 
of chloranilic and lodanilic acids at 18 belation to concentration of the solutions 


ex 


Fig. 1, Spectral curves of 0,062 MM solutions o, hsloanilic ecids (1) 


and thelr sndium salts (2) 1) chioranitic, 1M) bromantiic, lodo- 
anilic. 


Concentra tion mot/Utes € mo} todoaantlic 
acid (x 107%) acid (x 10°74 


0,84 
O,0ui5 0.69 0.77 
0,0006 0.68 0,74 


In actuality, on dilution of salutions of haluanille acids, tiels light ebzorption decreases to greeter ex- 
tent than can bs eccounted for on the basis of the decrease in concentation, As regatds €,.03, It decreases by 
15-20% oa threefold elution of the tolution, by an amount outside errar, 


An incresse in color Intensity Is clearly observed on dilution with mineral ecids of solutions of the sub- 
stances studied to simait completely colorless solutions, A hyperchromic ¢ffect sccotnpsnics the dntro- 
duction Into scludors of ths ecids of substances suppressing dissociation (acetone), The addition of elkalics to 
the brightly colored solutions, es pointed cut above, sharply decreases color [atensity, 


For comparison with these compounds, we syuthesized p, p'-dihydroxy-2, §-diphenylbenzoquinone [ 13} 


and satisfied ourselves thet conversion of tils substance Into the fonold state Is accompanied by the utus! batho- 
chromic and hyperchwotmle effects; this substance, at = 430, of the orderol 10°, and the pro- 


Csctofitsrcaction has Cf = $50, This ts to be expected, since, in this case, Internal hycro- 
gon bonds are not present la We molecule, 


Thus, the facts considered in the present work must be taken Into account duing the use of haloscilic ecids 
Colorimetey, 
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ISOLATION us NE FROM PETROLEUM 
OF THE COAL-BEARING STRATA OF THE TUIMAZY FORM ATION 


D, Obolentsev and B, 


(Prestated by Acadmicizsn N, Nazarov, November 20, 1956) 


Cyclic sulfides contained in perroicum fractions boiling above 200° have beea stucicd wery litte, The 
lovestiga tous of Mebery (1) cotablisied the peesenos in kerosene distillate from Cansdisa petroleum of com- 
pounds boiling ebove 200° end having the geners! To trese compounds wes given the 
However, cot.cne of Cm wes lolated ta ths pwe end Identified, 


Up to the present, investigators of varicus countrics have idcatified caly ons cyclic eultide In petroleum 
prodacts boliing cbove 200°, but it has been established that the cyclic sulfides contained In petroleum products 
belong to different homologouw series (2-5, 


In connection with the sbove, ft seemed to uw to be not without interest to report @ B-butylCiuophane 
which was by os from petroleum of the coal-bearing strata of the Tulmozinzk formauica. This petroleum 
was eubjected to vacuum rectification, Gs kettle temperature being maintained st 1354 0,6° whils 
the promure was gadually Cecreased from etmospheric to 0,5 mn The entire wes constructed 
from stainics stool end The rectification proguced 2 volume % of a fracticn with 8 GOST belling range 
of 12-15%, One of the Cactions, balling in tha range 1$3-214° end contsining tota, sulfur, wes clroma- 
tographed over MSM brand eliica gel, For this purposs, silica gel, which hod a particls siz of 0,5-0,25 
min, porccd into a brass column having a Lsight of 4.5 m end 8 dlametcr of 18 mun, The 
silica get wos completcly wetted with Ge fraction being chromatographed, eficr which was eluted wid ece- 
tone, Three were collected during the chromatogrephing proces, Fraction was mixture of paia- 
end hygrocarbons which contained no organosulfur Fractica M, Ge Intermediste 
fraction, ceatained total sulfur, Fraction If], after distillation of the sccione, was mixtuss of eromatic 
hy¢rocs:bens exd or gincsulfur compounds, The total eulfer content of this faction was 9.10%; hence, this 
tion contained of the sulfur contained tn the fraction chreimstog aphed, 


Fraction Ul wes subjected to a tecond chromatogra phing the same conditions used for the 105-214° 
fraction, Two chromatog:zphic fractions were bolated, The total sulfur content of 1 w2s 6.10% end thet of 
Wwas 14,0, where Fraction I] contsined 43.5% of the sulfur tn the ctiginal 196-212" fiectio, Fraction I 
was Gen dissolved {n tsooctane, and subjected to further chicmatographing fa a column 1m high end 10 mm 
in diameter en} Giled with ShSM brand silica gel, The elucnt in this case was a 1:1 (volucne) mixture of berz- 
ene and scztone, Five fracttoas were collected; the eluent was distilled from cach and the toul sulfur content 


of cach frectica was determined, Fraction V coatsined 22.4% total sulfur, which comprised 118% of tie sulfa 
in Ue 196-214° Lection 


Fractica V frova tie thud chromstoga phic fractionation was Cistilled, Density, refractive Index, 
and elemental com position (semimicto method) were determiacd ca Cie distiliate, The content ef sulfide sul- 
fur, which was determined by (iiration, wis cqusl to Ue sulfur content obtained by ekinental 
ba the Raman spectrum spectrograph) sad the absorption (la stantard 
octane solution) (a ultraviolet regian (ISP-22 epectogapl) werd obtained,® Untonsitics were messcred with 
an niicrophotometer, end the wavelengils were measised with en 12 A-2 comparater, The absorption 


in the uluaviciet region of the compound ts prescated tn Figure 1, Un the Weterature evallable 


* The Ramin spectrum war obtained by A, D, Blktasheva and the spectrum fa the wtraviolct region by N.S, 
Vyubopytova, 
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tty. Shsorprion spectrums of -buty Ithta- 
Phane tm the ultraviolet ce 


te ous, we did dateon the ultraviolet absorption speetum of -buty ithiophane, 

The following properties mdicate that the organosulfur compound wolated by us from peuoleum of the 
coal -bearing strata of the Tutmazinsk formation and dhe & -butylthiophane tynthestzed by Yuryev (6 tdentical 
99260 (Lit, [61 9927 1); Mol, wt: Found Calculated 144,27; 

The lines in the kainan spectrin were characteristic of the thionhane ring (Ar) 6R7 em?! (hy 16) 
690 can), 


Found (wt, %): © 66,95; 22, 22,4, Calculated (wt 66,50: S 


Sulfide sulfor, detennined pow nuometaicalbly (wt,%); found 22.4; calculated 22,23 


It should be noted that the 4 -butyithiophane was isolated by us from peoeicum hy means of onty vacuum 
rectuftcation and chromatography, while all ef the sulfides reported in the literature as having been found in 
petrofcum products were fsolated through comple compounds of mercury salts, 


The identified by uc is the second cyclic sulfide horltog shove 200% to he isolated from 
petroleum, 
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ON THE REACTION OF SOTSITCH REAGENT WITH 
A -CYCLOPENTENYL CHLORIDE 


A, Plate ead Stanke 
(Prezanted by Academician A, Novembes @, 1969} 


lnsemeuch as the cyclopentsae hydrocarbow of tw general formule 


have been (newficiently studied, we underivek the synthesis of avers! of there hydroceriona, fn particular, the 
me of te mactica between at-cycispent chiorica end loclich reagent was contemplated for the preps 
Uon of 1, one of members cf tis series, Asis well known 


pnimartty of acetylencdimagnesium bromide (according to ths of Grignard end co- up €3%) 
and certain arsount of acetylenamonome gnealum is known from publlzed Gata that 


agus 
gent resets with elkyt halides oaly with difficulty, For examph, S-hexyne fs formed {a only 20% yield by the 
activa of cthy? bromide on ecetylenedimegnesium brotaids Usually, action cf tot on Slkyl 


halides ts accompanied by sida seacticns, of which the principal onts arc this epiiiiing out of hydrogen hali¢s 


from the alkyl! batida ead the reduction of ths alkyl halids t tho corre:poadin; athaca, coasldcre bia 
emounts of butylene and butene are Uborsted by the reaction ef acetyl wim bromids 


white tha mection with a-octyl bromids yick’s a3 the chis ctloa product » The cre 


TEs 


no information tn the Htezature on the reaction of boteitch reagent with halogen de exiva tives of eye elie by 


tn A®-cyclopenteny! chierida, which ts eestly pre- 
pared from cyctope atsdliena, chiosine fs 
eaction of Chiorde with fotsitch lytic and, es ore feactive, For t:is 
teagent eyclopenteny! chlosiése has been repestsdly wed fa ree 
actions with halides for ths poepszadon 


YI tls gresent work, 
(moles) tudied the reaction of O-cyclopentecyl chicci¢s with 
end showed that 
@cetylens (1) ts formed In en.ermocnt of 20-339, 
ever, approximately the ssme emount (23-20%) ef 
cyclopentenylacetyiens (ff) is formed simultaneoutty, 


for prenaration of 
lotrttch resent 


Expeninent Nw. 


ethyl 
trormide 


theoretical 


3 


9 & tha scectiaa mixtzra, 


: 
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Attemp’ to increase the yteld of by charging reaction conditlens (cilfere 
ent magent fatiog, ths introduction of cuprous chloride 63 a c2talyst) Ths chtained are gregenind 
ta Tedte 2, 


The cerstan® amour pomibie reaction product, Independent of Os emourt of res conte wed, end 
the considerable yleld of can apretentty be explained by clfferent satce of reaction 
ef chloride with both of the possible compouncy 


ez CMe Br; 


oz | 


As the chloride was added to the fotsitch reagent, gresium were focluded the 
precipitate, the reection mizture thickened, and tho reaction ceased, elthough bot ergeaan ma coum powics 
and chlorids were sull present In Ux mixture, The ezcea chloride was gradually converted inte, 

tar with the lideration of hydrogea chlords, 


In one experiment, efter the addition of epproximately bel! of the required amoust of At-cyclosentenyl 
chloride to the lotsttch reagrnt, cyclopentanone was added, which, as fs well known(S}, can rescs 
teagent to pive up to 17% of the glycol, After decomporition of the resction miztwe, eli 
sible reaction products were found in it, namely: 
and also the tertlary alcohol 


and the glycol 
(Iv) 


The presence of the latter two compounds shows that both the mono- and the di-magnesivum orgente compound 
were present in the reaction nilxtuse at the time the cyclopentanons was added, 


The di-4' (1) ts an fsomer of @ previously hydrocarbon with confugss 
ted system of multiple bonds, di-4'-cyclope ntenylacety lene 


which has en of 58,5-60° and of 105-110" at 2mm [5], 


By hydrogenation of In the cold, under hy pressure, and tn the 
sence of Rency alckel, the saturated hydrocarbon 1,2-dicyclopentyle thane was obtained, } 


EXPERIMENTAL 


The foteltch reagent was prepared by the mathod described by Pinkney end Marvel Tha eyclep: 


chloride was prepared by tho eddition of hydmgen to cyclopentadiens (6}, 


The resection of rea ge ng with eyetopentcny! chioct4s, The eaperimental eve tts ora presented 
Table 1, Below bs piven description of Expertiment 4, The mo pnetlum Certvetiys wee prepared from moles 
of ethy) bromide end atoms of magrostum in 1,2 Uters ef edroluts ether in @ with 


stirres, dropping funnel, end @ refiuz condenser, Acetylene (ebow 30 Kten) wes posed the tolution 
orgenoma complex until there was a well-dafined esparation of loulich magent end etice, Walls 


‘ 
| 
2 
| 
i 4 
; 
: 
i 
| 
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cooling the reaction flask to- 10 to 15° with an Ice-sslt mixture, 164 (1.6 mole) of A'-cyclopenteny! chio- 
ride in 209 ml of sheolute ether was added drop-wise, and tien 4 g of cuprous Chiaiide, efter which the onlxture 
was stirred for an additions! 3 hours et room temperature end 6 hours while hesiing ca 8 wator bath, 200 mal of 
water end then 300 ml of ecld were eddzd, while cooling wits loa endesit, to dzcompose the corm- 
plex, The eter wes weched with water, soda, again with wster, end dricd with calcium chioctde, After 
distilauion of the light ends were distitled under slight vacutmn to 00° at 9-100 men, Distillation 

of this fraction fa a column of 40 theoretical pistes gave 21 g (28% of theoreticel) of 
lene (13) having the following propertics; b.p, 97,2° at 752 mm: nf} © 1.4363 0.8014; found Map © 30,10; 
esiculated for F 29.69, 


In order to prove the structure of the 4 -cyclopeatenylecetylene, 15 ml of the hydrocarboa was hydro- 
genated In sicoholic solutica (25 mi} in the cold, under hydrogen perewure, end tn the pecicnce of g of Raney 
nickel, Ethylcyclopentans baving tie following constants was obtained: b.p, 102, 6° et 759 mn; = 14198; 


20,7003, Literature Cats (7h 103.408" at 160 mm; 1.41931, © 0.70087, 


of the at-cyclopentenylacetylene from the reaction mixture, 37 g of the fection boll- 
ing st €5-102° 8 mm was cis alitgher vacuum, end was redistilled uncer vecuum tn column with 
IS Uxcorctical plates, 32 g of di-4*-cyclopenteaylacetylene having tis following propertics wes obtained: bp 
116°/9-9,5 mm; © 1.5172; = 0,593; found Mp = 49,83; for CoN calculated Map £0.20, 


For proof of structure, 15 ml of di- A®-cyclopentenylacetylen: was hydmgenated fa ths cold fa én auto- 
clave 4075-00 eta,, In solution In 75 ml of ethyl alcchol, end fa tre presence of 15 g cf Rancy echkel, The 
catalyzats wea wached with waters to remove alechol, end clinunats toces of unsaturated by diocerboas, 
twas chromatographed over 15 g cf silica gel, There wes obtaincd 14 ml cf prepsretica, which was Veccum- 
ébiiled coliznn with 40 Cicorctical plates, After 12 ml of tha byGocarbon was chuo- 
m3togrephed with 10 gtiiica gel, 10 ml of 1,2-dlcyclopentylethens wi the following propertics was chtained: 
bap. at 8-2,5 mm, 1.45628; dP = 0,8620; found $3.33; for calculated 63,23, The 
following data for this hydrocarbon, prepared by 8 different micthod, ere given ta tie Itersture 109-110° 


of rearent with A F-cyctopentenyl chicride end cycienentarons In two stares, 76 g (0.75 
mole) of -cyclopenteuy! cl chloride tn 150 ml of absolute wes edced crop-wise, while coolin 1g with foe end 
salt, Co prepsred as described sbove from 2 moles of ethyl bromics end 2 g-stoma of magnesium 
in 1,2 of absolute ciler, Tho mixture was etlrred at room temperature for 4 which 63 g (0,75 
molec) of cyclopentanons ta 150 ml of sbsolute ether was added while cooling, The rcacticn mixture was stirred 
for } hours at room tempersiuse and 4 hours while heating on 8 water bath, Decomposition end further troat- 
ment was carried out a9 fn tho preceding experiment, There were obtained 7 ml (~ 6 ¢) of A®-cyclopenteayl- 
acetylene (11) (b,p, 67-08%; nj 1.4265) end broad fraction bolling et 122-170° et 14 mm (57 g), which 
erystalllacd out in tho rocelver, This fraction was dissolved fn 100 mil of sicolol, end hydrogenated In the cold, 
under @ pressure of 70-80 atro,, in the presence of 13 g of skcletal nickel, After distillation of the alcohol, the 
tesidue was distilled under vacuum: 


Fraction 1b.p, 125° at 5 22g 
Fraction 2b,p, 150° at & mm 23g 
Fraction 3b.p, 154° at mim — 


From Fraction 1, after redistillation, was obtained 11 ml (~9 ¢) af 1,2-dlcyclopentylethene (b,p, 67° at 
& mm; 1,4558; 0,6040) and a residuc, which was edécd to Fraction 2, Assuming that the tertiery alco- 
hol (V) could be ta cuts fraction, we tudjected It to d chydration with oxalic ecld end then to hydrogenation In 

the cold with Ranzy nickel end under essuming that the rosction proceeds according to; 


OH 
(Vv) (VI) 


4 
BI 
4 
0 
3 +1% 
— CHy — City 
a4 9 


In fact, after purification of the catslyzate hy chromatographing with sittca gol and distillation, Ciera 
was obtained 8 g of 1,2-dicyctopentytethane 92° at muta; 1.4654; dy? = 0.6625). 


Fraction 3 was twice recrystaltized from acetone, 6 g of the glycol ethane, 
mp, 131-132%, was obtained, Literature data for this glycol mp, 1312-152, 47, 


found Fa 72.67; H 11,19, Calculated C 72,71; 2412, 
Apparently, this glyco! was formed by hydrogenation of glycol IV, 
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ALLENE-ACETYLENIC ISOMERIC TRANSFORMATIONS IN 
SILICOHYDROCARECON SERIES 
8, 8, Sedykhsede, Yu, P, Egorov 
and Corresponding Member Acad. Sci. USSR A. D. Petrov 


The isomerte trareformations of disubstituted acetylenic hydrocarbons Into menorudstituted and vice veaa, 
discovered by A, ©, Fevorsky (1), and also tho mechzaizm of these conversions, which procesds Gough an al- 
lenic hydrocardca go, has already been ths exdfect of many investigations (2]. The synthes’s of silicoscetyl- 
hydocarbors bea atso been described tn a of papers (3- 8} but teperds isomeric transformations 
of acetyleale there has been only one Investigation coveted t His reaction, Itwasehown 
(7) that dleubstltuted with tripts bond {a @ -pocitica to the silicon (ulalkyl- 

g-methylacetyleny kilanes) sro bomerized on heating with sodium to monosubsiltuted ellcoacetytenic bydroe 
carbons, but {a yield elnce ths @ -silicoatientc formed as en Intermediate product uncorgo 
cyclodimerizgatioa to compounds of type (2). 


— Ch Cit 


\ \ 
>Si—CH-—C= Ci, 


“on, = -—disiZ 


In the present Investigetion, B,y-siliccallente hydrocarbons were prepared for Ge first by ths concensa- 
tion of Grignard reapents prapared froma -ailleohalidcs with propargy! bromide, fe interesting nove that 
this gave only siliccailenle hydrocarbons, In 60-10% ylold, prodably according to; 


Sst — CHMgCl + BrCHy — Cex CH [BrCH C= — CH, —CH = Cm CH. 


‘ mixture of ecetylente and attenic hydrocerbons ts formed by tho condensstion of Grignard reagents propered 
from nonsilicon-contalning halides with propargy! bromids (0}, On beating with sodium, thes, y-eilicos!- 
lenic hydrocerbors were converted tn high yield (of the order of 40%) to monosubstituted eilicoacetylenic bydro- 
carbons with the Gipie bond tn the y-position to ths allicon, These sillcohydrocarvoms gave a white procipitsts 
with 8 solution of silver nitrate, The mouosutstituted ecetylenic hydrocerbons with tis ulple bond y to the 
ilcon, In contrast to silicoecetytenic hydrocarbons with the bond tn Ge @ or 6 positions [3,6] undergo 
hydration with the formation of the comesponding ketones, particular, we hydrated (CH,).SI- 

C and also CH3—CHy~C @ CH tn the presence of the metianol solution of 


The sodiurn derivatives of the acetylenic silicohydmcerbons readily condensed with alkyl halidos; 
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bromide was added over period of 3 hours, while stirring, t resgent prepared from 26,4 ¢ Mp aad 
194.6 g of in 350 of cther, to the vigotow evolution of which occurred Cunng tre 
addition of the broniide, it was neceuan, to provide considerable cooling for the flask, At the con- 
clusion of the advition of the broinide, the contents of the flask were heated on 8 water bath for Thoun, After 
separation of the residue, the ether layer was dried with CaCl, After distillation of the ether, the reacton pro- 
duct, 120 .¢, was fractionated {na column with gtass packing, There was obtaincd 00 g of a fraction boiling at 
119, 5-119,7°, which, sccording to the analytical data (Table 1) and the data from the spectroscopic investiga- 
proved to be (CH,),Si- CH EC The following frequencies (in em™') appeared in the Raman 
spectrum: 144 4b), 17.4), 212(4), 24074), 51505), 61208), SH), TER B3IEI), K7I2(2), Ad), AR), 
11604), 119%), 1220¢4), 1250(2), 1282(2), 19304), 2), 1444(2), 21161), 290K 10), 292K), 
296017), 298A(9), 2069¢2), In the spectrum Off, aswell as of Mand there was interme Une at 1124 
corresponding to a synime tical vibration of die cumulated double bonds( 10,11}, The abscnce of observable 
lines in the 1609-1449 enw”! region negates the possibility of the formation of diene compounds, Along with 


this, 2 weak line was found at 2I16( 1] which relates to tie Ca frequency (IV), The amount of (IV) was quite 
small, ~S% 


Trimetty tity tine thy ne Hene) St= 1h of propsrgyl 


Dimethyle try lsilyImethylallene (I) and 4-(methyldicthy ({1) were synthestzed under 
similar conditions; thei properties are also presented in Table 1, 


Trime thy Isily tethylacety lene CHL Ce CH (IV), 28 g of (CH,)Si7 CH, “CH Clk, 
g of finely shaved metallic sodium, and 50 mil of o-xylene with a bop, of 144° °° were placed ina flask fitted 
with reNux condenser, The contents of the flask were refluxed for 10 hous, Hydrogen was liberated, and tie 
color of the mixture turned brown, The unrcacted allenic silicohydrocarbon and part of the o-xylkene were dis- 
tilled, The residue was treated first with methyl akcohol and then with water ln odes to scparate out the acetyl: 
enic silicohydrocarbon and to destroy the excess sodium, The organte reaction products were extracted with ether, 
Fractionation in a coluinn gave 10 g of a fraction tenting at LIS5-116%, the analytical data and propertics of 
which are presented in Table 1, The following lines appeared In the spectrum of IV (in emi'): 1726 1), 212, 2b), 
241( sb), 278(0), 3221), 396(3), 460(4), 5757), 602(7), RASC 1b), B9A(2b), 94K2h), 101K), 1125¢4h), 
1252(3), 1280¢ 1), 1921(3), 1414), 1437(2), 284 3b), 289% 10), 29109), 29548), 
The characteristic frequencies are 2116 and 3305 cm” H) {12}, 4-Dimethylethytsilyl- 
(VI) were prepared under similar conditons, their properties are presenicd in Table 1, All Uece representa 
Uves of the silcoscetylenic hydrocarbon series were distilled without polymerization, Of the tsomeric allental- 
Heohydrocarbons, only the tint member of the without polymerization, 


Siliconcopentytacetone (CH ~CH, (VED, 59 mt of methyl alechol, 10 g of 
(Cil,),SiCH, and 0,1 HySOg were Inoduced Into a flask fitted with sdrrer and reflux con- 
denser, The contents of the Mask were heated to the botling polat of methyl alcohol fcr 3 hours while stirring. 
After each hour, 0.01 g HgSO, was added to the mixture, The Uquid was decanted frora the gray catalyst residue, 
the methyl alcchol wea dliuillcd, and the reaction product was fractionated, 7g of a fraction at €2-63° 
at C4 mm was lactated; njy 1.4229, dy 0.6531; M2p cateutereg 44:10. The ketone fortned 


melung et 102°, These properucs agray clozely with Use propestics of dils ketone pre- 
pared by us by reacuou (13), 


/ 
A-Methytdicthy lly butsnone St: (VEIT) was prepared by the hydratica 
rfl, C=C e@GHimder the condivions of the synthesis of (VIL); bp, 85° at 10 mm, 1,4410, 
0.8624, 


Found C 62,09; 111,98; $1 15,70, SO, Calculated 62,94; St 10,20, 


The 2,4-dinitrophcnylhydrazone of this ketone melted at 18-79%, 


Found N IG,21, SIN.O, Calculated N 15,90, 
* The spectra of (11), (111), (V), and (V1) will be published lates, 
e© In subsequent experiments, the o-xylene was tcptaced by a kerosene fcaction boiling in the range 220-230", 
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of (CH CH eC wee acs 27,4 g ef Ths mtstore was 2 bows, 
ergarte peed were Extracted withetes, Fractionation gsve 6 g ef factica with bp, of aig 


BEIT, }, 4372; © 06717; MRy ford 69,77; esteulss e9 70,34, 
Found Ge C 75.67; £2,465; 13,59, Celestated Se C 16,18: 12.464 $4 
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ON THE VAPOR-PHASE OXIDATION OP STYRENE AND 
@e-METHYLSTYRENE OVER TIN VANADATE 


B. V. Suverov, S, R, Refikov, A. Vv. Seolemin ead 1, Khm ese 


(Presented by Acadernicten B, A, Arbuacv, Ortcher $, 1956) 


The tnvevtigation of oxidative conversions of wustwated compounds by molecular oxygen kp the preecace 
heterogeneous catalyse is importgat for the clerification of the mechani of tie catalytic of ore 
compounds, which by presently widespread tn comunericel orgsale synthedls, Of ere ln Gils 

Use of the vapor-phass catslyte of orgzaic compound witha double ti side 
chain, they ere probable intermedize: products in ths ozidstion of (1), Literature dsta oa 
‘us prodlem ts extremely scanty; id pacticuls?, we found co Informatica on the yepor-phase oxidation of the 
of Dis investiy rion styrene and a-methylstyrene — with eumospheric oxyyea Over veasdicra 


starting materiais wing properties, styrene b.p, §2°/23 mm, © 1.5450, Ge 090) 
1 neth, - Bp, 62°/20 mm, 1,533), 0,897, The were out In flaw-type 
with 2 contact time of 6,08- 10 ecconds ead apace rat of 0,10-0,12, Molsture-contsining ele wit th 
content of up to 300 was used as the oxidant, The catalyst war granular tla 


The major oxidation produces of bot of ths hydrocarbons studiod bensale ecid end maict: enhydriéa, 
getemmination waa carried out by ths wual method, with ejhall(2), to coparate experimens, hey 
were ta the pure form 8 chech, Ip the reection product of sl! experirmenn, ta edditicn to ecida, 
vawme, formaldchyda, carbon monoxide, end carbon were present, Morrover, benssitebyde wee ob- 
in the ovidation of styrene, and acetophenone in the of Ths quincne wes 
Ceterminsd todometzically (3) amd wea identified by the formation of hy@oquincae wie mp 
Crsontitative of lormaidchydo was bared on Ge formation of the derivative 
‘Mp Censaldelyde sad ecetopienone were from tha olly reaction products by diatlation eles 
‘Wet werhing with water end drying, The bensaklehyds had o of 176° /709 mr, 18629, 
sme melted e¢ 729-231°, Tho ecetophravas bailed et 65°/35 mm, 1.8267, moited at 
1°, Osterminetion of CO and CO, wes catried out by the motuods of ges sostycis with OTT epporetay 


The resutts of the experiments on tht oxidation of myrone eed qemethyltyrene er prevented tn Tables 
"and 2, Acgren frem the deta ths yield of tzecific oxitstion prodects from each of the initial me- 
vrialt depends on resection temperature; su incresss In reection temperature contributes to tho progressive 
‘me tion of tha bydrocathon skeleton of thes compound oxidised, Thuy in experimene cerried out ecletively 
ww temparatac, bengoic sad compound with en aromatic ring predominsted ernong tio m- 


ection product, Alen elevaed temperate, tholt yield end the emount of quinone end malele 
snavdride 


A wery charectarytic wat Oe of low muleculer velght formed by complete. sad 
oxtdstion, As ceca tes date tho tora) emount of CO esd CO, et 
wmpereturcs act excead 1,25 mola pet mois of exttisadis This iniicatrs thst low 
wetgnt products were formd chiefly ot Oa of of side chata, At Bich tempere- 
the ernount ef low moleceulan weleht products reeched 2.4 (tn the esse 
these comditians, part ef the low moiscula weidit profacts were termed st experss ef Coxtruction of 


‘te henge with the fcrmetca of and products of Its It thould be 


| 


TABLE 1 noted that carbon moncalde wee the major low molze 


Yield of Major Oxidation Products of Styrene cular weigtt product, which indicates its tagh 
undes the experimental conditiow wed, 


taucs in Sof theoretical Thess results provide @ hacia for the erminptlon 
be wd on starting maternal charged that, in the Initial ste ges, the oxféstien of end 
Pebyde tone anhydride the condensed phate tn the presences et absciice of cates 
oJ lyst (4, Si, There ere Indicstions (6) that, unter mid 
2 7] 3.3 conditions end in the ebsence of catslyza, tho 
os ta 4 of styrene with molecular with tie 
39 57.41 0.6 | 10.5 formation of peroxides of typ 
6 350 458.8} 08 | 10.9 
7 130) 443.0] 0.7 133 
9 3°35 3. 0 


* In Experisnent No, 4, the following were also 


tis quite probsbie that the Initial etaps of the ae 
tion of such peroxivcs ts the addlion of cxypen to @ 
styrene), carbon monoxide (0,96 mole/mole), 
molecule of of aemethybtyrens with tho ferme 
of peroxides of the following structure 
In Expertment No, 8; formaldehyde (0,09 


moie/nwle), carbon maoxide (1,96 mole/mole), 
ard carbon dloxide (9,42 mole /molke), 


—oO 


where, CHy 


Under tha condittons of vapor phase oxidation, the formation of polymerte peroxides ts bnpos hte tn 
of the high temperaturs and the low concentration of reacting components, Thermal decomposition with the 
formation of benzstdchyde snd formaldehyde in the case of end of ecetophenons In the cota of @-methyl- 
myrene ts more probsble, The experimental data presented in Tebles 1 and 2 corrobarats euch en etumption, 


At relatively bow reaction temperatures, it was possible to lsolate froin the catalyzate appreciable amounts of 
the expected products of the coaverion of monomeric peroxides, P 


TABLE 2 


Yield of Major Uxidation Products of a -Methyistyrene 


In of theoretical la motes pes mole of starting 
fe |benzote [quinone fmalete ane 
: phenone [acid hydride Cit co CO, 


10 4 Nos det, dot. | Not 

75 22 GC &%. G 

{6 4 6.24 

mn 6.2 4.64 0.94 

20 G 02 4.69 
A 0 0 {8 

28 0 6.29 


| 
04 25 2 02 
2] 23 S43 07 
13 HAZ Trace fl .2 
14 MA © $4.0 
1% Wa 445 1&8 
295 . 


At bicher temperatures, seciepheaone end benzaldéchyds werg not found ta Ga reaction prodetty, since 
they enderwest further oxidation with successive cosversion to benzole acid, benzoqulnons, maleia 
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INVESTIGATION IN THE FIELD OF PIAZOTEIOLE 
OLE) CHEMISTRY 


A. M, Kheletehy, V. G. Pesin end Chsheo Chsbi-Chatene 
(Presented by Acsdemicten £, N. Naserov, November 29, 1955) 


previow communications (1) we presented deta cheracterisity tea ercmetic propenica of 
thisdiszole, Of Ge ecvesal pou Dic strectures, Gis following structures (1) cocvelat2 boss with Gta come 


00> 


(il) 


Tho synthesis of from o- ead (a2 sul far 
2) (2) indicstra structzre (1); ha clearly charzctes ead Qe a2blilty of to- 


ward veriow chemical egonis (cxldizing egean, ecids, cca bs expisins by cites (2,8), Dsta 


from phytical £3] co act provide indicatica esiativa structs cf 


mroctere (33) to tho two end cf eithes strectuzo (7) ths eccond 


mea ef the Cistencca, out by (4), elso of 


wozld ecsrn thet tf has Ge (1), posss23 @ certein ration, 
Clarification of the of this heterocycle ths G9 expcsimese 


tal Cate enty erecastio catura, As chemical grogestics which could incicste prosens: 


ef exch d2ta have est besa by ths coatsry, eccacing to 
Ushed dsts (3}, pissoticle addiction reactors, 


Howsrer carried ext by chowed that (with the cf 
ch tromice, ho resection wes carrisd ect tea in the end to 
fosm, ete.) end C9 of ebsence cf (Sea filise), Tho esecticn 


wers the of which wero formed 8 
mixture of 


By fiactonal ef tre cbtiined fiom the 
with poles cf 123-124? end Cy Geatment of the Carle 
vettves ed eciutica of sodiuen we ebtsined the Ga 


which wes proved by escond fromm ths corzeeponding end [Htule 


Thin, Ge ests chteined parmit the emuaption Gat by ths ecection ef wit tree 
ming), C9 ef four storms of takes pleco with tha fomnstion of tha 
tlvea, which by resction with en slookelie eolution of en eut two motecuice cf byérogea 


* Ruslan wansietica, 


pound, 
oe 


halide or with Gye formation of the diate derivatives eccording 


Gor 


L, S, Efms and M, Levit, etudying, recently, Gie reaction of piszothiole wich chictine, found 
oroplazothiole of tee ebove structure is formed mast tapidiy, 


Of the fois Leomers syntieciged by ~ tepresenting el! of the Gee predicts 
ebie by theory — not cue to the substance melting at 67,6° by thers audio, There fore, 
tt wes possible that he latts: compound waa the ct of the partial edditian of lo ef ths 
structure; 


* a 
o 
ce 


With the atm of verifying this we canied out the chiorinsticn of with stoichice 
smounss. cl chicrine (come sponding by weight tw two atoms of orine), Aftes Cisttits un: 
ta edcition to unreacted bengo-2, only wes 


ected; treatment of the latter with an éicoholic solution of potassium oxides gave 
thiedissule, 


In father investigations tn the fisid of tio halogenation cf derivatives of we ed Cis 
S-methy!, S-bromoe, eng other ct a sho with chiorias (cr bromine) 
that 2°, 2° -naphitho- 2.1, 3-Cilsdlesole adds cilerine (or bromine), Thus, the experi deta 
sothiste (end 1°, and its derivatives propertica characteristic of w 
saturated compounds In addition to those of aroinatica, 


EXPERIMENTAL 


Chlorinetion of Chlorine wee Into wielt of of berso-2, 1,8 

thiediercle at €0° until the weicht had Increased 7,1 to two atoms of chiccine), -Feur 
were obtained by dimitiation, Fraction I; b.p. to 140° (20-30 mm), 6 mp 43-466", melting polut deprese 
sion whea mixed with piasothiole; Fraction 141-150" €20-39 2 g, clear, cllyliquidwhick di¢ not 
crystallize during storags, Treatneat of the latter with ea elcchollc eolution cf 
substance with mp, of 175-175" end which melted without lowering of the roe point mixed wit? 

4,3 -dichlorobenzo-2, Frection Ill; (20-30 mm), 3.5 te 4, ailized 
éwing storege; afier from alcohol, m, p, 15-82%, A with 


2,1,3- thiadiazcts €2°) netted without depression of tha melting potnt, 3° 
39mm); 4g, Uquid witch erpstailised tapidly, After necrystalilzation frora 175-175"4 
with 4,7 ol S-thisdlagzole tociied without depawica of tee meting pola, 

Envectication of fs ation of L wes cut by another routes 25 79 cf 
ecdatence wea wit! £0 mt of while heatine, Ces aiccholfle co! waich ted } 
the cily gave, ca cowiing wih lee-salt mixture, a gulstince, repeated meer ization of 3 
3,4 ¢ of mattis! of the wit tae, of 199-1246 Thiss 3 ths form of 
need which were ta chiosefona, Cichicrocthana, and t 3, 6; gly eciuble fa potree 


leum ether, snd tn watse, 


300 


Found 23.20, 245, 1,62; 1034, 10,05; 12,90, 11,65, Cl 61.44, 61,63 


The elty efter heating with £9 mi of atcchol end quent costing, gave by frectional 
1.4 erystaliine metetal with op, of 82%, which ess fa alcodcl, chieniam, 
end bengeme, epsringty bie In ether, ond {an watre, 


Found Se C 26.6%, 29,00 LOS, 1.47; N 10,22, 10,09; 21,87, 11,78; Ch E2,02 5150, 
Calcvlsted Gx C 25,00, 1,44; 19.07) 11,51; Cl 51,03, 


ttirring to sczpension cf mp, 03-57%, 6 mi of bersens, After hexting 
on a wster bath for 20 ths resection mixtus was cooled the precipttses filtered and, efecr with 
brozene, rcerystallized from 2.63 g (22.1% of tics!) cf a matertsi with mp, ef was 
chiained, This materia}, which was in the form of eciculas cryst2, was in watce, sparingly eclubts 
in sicobol (resdily Ia hot sicchot), end soludie chiczoform and dichloroe 


Found 35,49, 25.81; H 122, 135; N 3,62, 13,82; S 16,21, 15,€3; Cl 34,60, Ci, N SCL, 
Caleulsted C 35,12; H 0,97; N 13.03, 18,€8; Cl 34,63, 


b) The remaining Cres leemers wery tynthesived from the corresponding eng 
manner tiralise to the preeeding, 


Eromination of berto-2, 1 32 g of bromine wes edded with constant string over @ pesiod 
of minutes to 0 g of melicd piszotucls, mp, 42°, afte: which the reaction milxturs was bested to beilirg 
for 39 hour; the solid masa, which famed oa cocting, was allowed to stand ele until tha exocess bromine evae 
porated, 23.85 (25.55% of thecretical) of a yellow substance was oXMained, fiom 
gave White eryst2ls, 142°, which were readily coluble in benzene, earbon tetsschicdds, ecetone, ead ecee- 
tie acid and less solubio elechol, 


Found N6.19, 6,29, Calculated N 6.14, 


a) ig of tetrsdromote trahydrobenzo-2, L3-thiadisecte, mp, 147°, 
ml of ateohol, end @ eclution of 0,32 g of potassium hydroz!da in of water were hested to boiling for. 
Vhow, efter cooling end dilution with water, there was obtained 0,42 g (65% of of substorce which, 
from elcotol, melted et 194-185° A mixed cample with ¢,7-dibromobease-2, 
Warole melted without depressica of the mening point, 


b) Synthests of 4,7 1g ef mp, 
1.2 gol Cicnylenflins, bp, 193-200°, end 3 mi ef benstne were best=d to bolling for 30 minutes, 
After cooling, the resulting precipitate was filtered, wethed with benzene, and recrystallized from atcotol, 
Thete wae obtained 1 g cf mp, 184- 185%, 


Found N 0,88, 0.61, Calculated Se N 9,62, 


LITERATURE CITED 


(1) A, M, Khatetky, V, G, Pesta end Proe, Acad Sel, USSR, 168, No, 1 (1958); 
A, M, Khaletchy eed V, Pesin, Gea, Chem,,. 20, 1914 (1950); 84, 133 (1954), ¢ 


(2] Q, Hinsberg, Oe, £2, 2395 (1999), 
(3) 8, Efros ead Leen, Gea, Chem, 23, 1552 (1953), 28, 199 (1055),° 
(4) Acts Cryst, 4, 193 (1951), 


(8) W, Sutton, Chim, €6, 244 (1944), 


Leningrad Chemico-Pharmaceutical {neti tute Recealved July 23, 1956 


* Original Russian pagination. See C, B, tanilation, 


ite 


ON THE MECHANISM OF THE FISCHER REACTION AND ITS ANOMALIES 


Acsdemictan A, E, Arbuzov and Yu, P, Kiteev 


Earlier [5S] we have shown thet erylhydrasones can exis three tautomeric forms; 


ArN N — CH — CH,R’ ArNH — N C — ArNHNH — C CHR’ 


The polarogrephic activity of a1! these forms ts evidence of bond conjugation in their molecules, We 
shall now elucidate the nature of the Lateraction of the bonds In the enliydrazine form [1-4} 


Molecules of compounds having the enhydrazine structure contain a systero of two double bonds separated 
by two nitrogea atotns, {.e,, there ere present two group3z,each of which is ep-conjugated, The free electron 
pairs on the altrogen atoms act upon one enother and upon the N-N bond, linking the @ p-groups Into a & ppa- 
Conjugated system, The bond activation energy of this system fs epproximsately 15 kcal/mole les tha la the 
t pe -tystem in hydrazines, end 33,0 kesl/mete less than in the of ezo-compounds (5) As ens of 
the double bonds enters the aromatic nucleus the symmetry of the system Is disturbed, the polarization of the 
chain ts toward the left end alkyl substituents ca No, 6-stom will sct In the same elrectioa (con- 
jugaton C#=C~-C-H, 


In this con fugsted chain No, 1 and No, 6 carbon atoms sre most reactive, 


In the cass of compounds of the enhydrasine type, bond conjugation Is characterized by 8 considerable 
exaltation of :roleculer refrecition (sce Table 1}, 


TABLE 1} 


Compound 
cH, 

148.201 | 46.683 2.470 
CH, 

CM CH, | 162.22] 1.8718 $3.339 | 84.300 
cH, 


Inasmuch as arylhydeesones ere baste substances they will be affected most ia ecld media, Thus, ts the 
Cease of hydrazone having the etructuss (2) will tale piece, In ecid medium, 1,4-addition of tis acid 
the #9 -conjugated system; 


| 
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As a tesult, there will be formed the mote ttronyt, hase enhydrazine, The later, by adding @ proton an- 
to the more nucleophilic nitrogen atom, will change into an anion whore ethylenic linkage will be strongly 
polarized, lle. diemophile, Tne linkage, Wkewim, polerised, An effect of thts nature leads 


to the formation of 2 complex On heating to a tempetaten above melting pict hydrazones cen apparently, 
sho be trarefotined into enhydrazines, 


Om the basis of the ahove conuderzuons we can now unde istand the action of catalyse tn the Fischer re- 
action, such as acid reagents, metab and thel: wits which are capable of forrnurg complexes [h-10] All these 
reagents displace the tautomeric equilibrium to the enhydrazine side and bring shout the activation of Ge bonds, 


The most characteristic property of 1-4-conjugated systeins.is Cack ability to enter tnto reactions of the 
diene synthesistype (1,2). Weceensir that under defined conditions certain (and apparently alse 1-8 and 
1-19) conjugated systems can undergo a redistribution of the electron dentitict tesding to an intramolecular 
transformation of the type of the dicac synthesis, Te such syttems belong to a cerain extent, euhydrazine tyt- 
tems In which carbon atoms Nos, | and 6 reccive some charges of opposite sign, we take timo eccount 


that these atoms ate situated clow t cach other in space, we may Cake at as highiy probahk that they will be 
mutusily attracted and will interact according to the ~ herie 


The analogy between this transformation and the diene synthesis is complete, Atoms end 4 


system: the 1-2 double bond & conjugated with the free electrons on and Na, stana- 3 case of 


pp-conjugation, resembling in many respects *canjugation; and this conjrgation hecomes reinforced by 

the action of the catalyst The dienophile nature of the 5-6 bonds has already been discussed, Dicne synthests 
reactors are characteracd by the appearance of a double bond between Not, 2 and 3 carbon atoms, end of new 
bonds between the stoms of the dicnophile and the No, | and No, 4 atoms of the diene as Ue 1-2 and 3-4 bonds 
are ruptured, All these processes are expressed in the scheme given above which constitutes the first step in the 
Fischer reaction, Further transformation of the interme diate oA -inunostkyl-anitine which can sometimes be 


tsolsted (V1, 12], gives indole eccording to the scheme put forward by Kobinson and Pobirson and supple men- 
ted by Allen and Wilson [ 14), 


The generalized theory of conjugation has thus made it posslble to reveal the “motive power® behind the 
transformation taking place in the Fischer reaction arid to define more accurately the reaction mechanism, 


A scheme timilsr to ow own put forward by Carline and Wallace in 1942 who wok as starting point 
the *formal anslogy® between the first step of this reaction and the Claisen rearrangement, We consider, how- 


ever, Gut here the analogy is not a formal, but a fundamental one, since In both cases there Is transformation 
of 1-6-conjugated tystems, 


The mechanism given sbove for the Fischer reaction which follows from the generalized ticory of con- 


jugation snd spplics also to the Brumier — Piloty reaction 19}, ts in agrcement with all experimental fact end, 
to scine extent, with the observatiors of V, V, Feofilaktow [16]: 


As a result of -conjugstion hydrogen atom No, in the molecule of the interme diate 


none (If) becomes labile while the electron denilty on the nitrogen atom increase, Orfentation end closer 
of the mobecules lead t redistibution of elections and fonnation of aniline (1D: 
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A timifar mechardemn la, epperently, followed sho by certain tautomerte tremsformationg, The formation 
of from 3. 6- cae slea be expletned by means of this mechsatem, 


One of , having at one time demomusted the catalytic natare of the Fischer reaction(I®| found thet 
(euprous chicride ts used a8 the catalyst, aldehyde arylhydrazones will yield, in sddition to indole (or even 
chitively), aiutle corresponding to the ecid from which me sidehyde is éerived, end aniline, Acetone 
plenylhydrazcoe will give, In the pecsence of CaCl, a compler subsisnce, ammonia and aniline 19} 


tt 
ae 
it 3 It has heen suggested that arythydrazones of letones which do not contala 8 methyicne group edjecemt 
it the carbonyl! group, should be decom posed by CuCl eccording to the enomélous me chankm, 
In the present | shown that such tuccestion Indeed, justified es exern plified 
hy phenvibydrazones of acct. py) ketene, pmiscoling, prrotartanc ecid, acetophenane, p-chie- 
tacetophenone, as well as acetone methy!picny hydrazones, The amount of eammonts evoived during the 
+ } action was always icss than the required by the equation kw tie normal reaction, and war much closer to the 
1 ainowt comesponding to the equation for the anomalous reaction, From the pheny!hydrasanes of scetane and 
if methyl isopropyl ketone there were obtained abnormal product of reaction for which structures (IV) and (V} 
have been proposed, These substances undergo change on exposure to at, 
it 
i — bop. 138 — 129% mM 
*o' 


bp. 1% = mm 
yield 2% 


: In the remaining cases there were obtained aniline, ammonia and tart which could not be purified, 
in the case of the methylphenylhydrazone, only Uuting occurred, 


We condder that the formation of nitriles end N-substituted Indoles from arythydrezonet 61 well e9 the 
cecom position of phenyihydregine ta the preerace of a caratyst [20,21] ere procetses retorted by their reaction 
nechsnism, end we propore the following for these reactions [tee (1-3) page} 


In these echames It & sssummed that the hydrazine entering into the compler reduces free bass, This 
mechanaem in sgreement with the otuervetiors of Clusius who decomposed pheaylhydraztag leballed 


with the 


j The disrroportionstion of hydresobeasene {22}, the of (24) the tateractioa ef aso- 
“engeng with phenyShydragine (24) also follow a cimilas mechanism, and tlace these reactions tale place with 
on the old of eata| 


lyst it follows that free hydrezines alien con reduce moieeeles akin to the moelves, 
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+ 
Cott + ROH — Coty 
ct Ce? 
R— Cie CH- NH - SHO COMER 


He 


Co + rote —NH 


hie Cloth 


The anomalous Fischer reaction evidenth, also fakes place when the catalyst forms coordinate Hinks with 
both nitrogen atonis of hydrazine, for example: 


cr 


It ts, however, will not clear why noe all arythydrazones undergo the anaomatons reactor, we have found 
that sulfanitic acid ts also a good catalyst of this reaction, The action of this acid derives, apparenths, from tts 
ehility fori hydrogen bonds with hydrazines and to enhance the nucleop lic character of the nitrogen atorns, 
its ac ten runs counter to that of cuprous salts, In this case the free base as the reducing agent, , 
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ON THE COMPOUND R1i,B IN NICKEL-BORON ALLOYS 


1, Blok, N. Kostovwsa, M, F, Leshko end K, 


Ya. Shpunt 


(Presemed by Academician S.1. Voifkovich, Nov. 30, 1954) 


The binary diagram for the system Ni-8 (up to 20% 8) was first constructed by Glebethawen ta 1918 
Giebelhausen found that to te system Ni-B the compound richest in nickel Binet du (2) 
lated this compound from elloys containing B (3} tm the course of x-ray investigation 
cf the alloy established that the phase (8,447) Is Laomorphous with the phases and Co,3 and that 
it has @ tetragonal epsce-centered crystal latiice with the parametem: @ = 4,980 kX, ¢ = 6,236 kX. On the basis 
of rezulG of x-tay invexigations Kicasling [4] stated that nickel-rich alloys comein, in addition to the phase 
Niy8, a phase NIB, but did not give its charactertatics, 


We have carried out an investigstion of the structure and phase compastton of alloys conta {ning 
0,01 t 2.5% B, The alloys were cast, alloy containing B being introduced Into the melt, 


Metallographic investigation of the cast alloys revealed that along the greia boundaries there wae formed 
a uniformly etched phase which constultuted 2 eutectic mixture with nickel, The siloy with 2.5% 3 bb pre-eutec- 
tic (Fig, 1, We have succeeded in tsolating this phase both chemlcally aad by electrolysis, In order to hotae 


iby chemical means 2 smail amount of chips of the alloy was heated with sulfuck acid (1: 2) until no more of 
the solid dissolved, 


In the electrolytic method of se paretion of the 
phases 8 cylindrical sample of the slloy was employed 
as anode under tha wual conditiam, using aqueous 
and a nonaqueow electrolyte of the following compo- 
sitions. (1) 10 g of 30 g of hydroxylamine 
hydrochloride per 1200 ml of water, and (2) 6&3 ml of 
HCI per 1150 ml of methanol, with cooling, 


TABLE 


Content of Ni and B in the Insoluble Residue Ob- 
tained After Heating Us Alloy with H,SO, (1: 2) 
-‘Unul Dissolution Ceased 


in Insoluble 


retidee 


% B Atomic ratio, 


in alloy 


Ni :B 
TABLE 2 


Content of Ni and B in Anodic Residues Depeuited Eiec- 
trolytically ia Aqueous Electrolytes 


% in ancie 


recidne Atomic 


tecio, 
Ri:B 


in glioy;. 


The phate tsoléted by elther metiod wes ex- 
smined for structure by x-rays and easlyzed cheml- 
cally, 


Figure 2 shows @ typical xrersy diffraction dia- 
grec of tha toolated phases photographed ta Cuka- 


tadtation, Below are given ts resulta of x-ray Gruce 
tual anslyzis of the phase NIB, canted ow by 


Note, Electrolyte position 1) 10 g of (NH,)50, 35 
g cf ecid, 15 g of 2) 10 g of (NIL) SO, 35 
g Of cltsic 25 g of NH,OH, 1200 rat of watay 3) 14 
Of (NH SOg 30 g of NH,OM, 1200 cal of wares, with 
cooling, 


j 
0 19 1.48, 0.085 
Ox 2.487 0.47 282% 
1.62 {3.6 0.76 3.3:1 
2.27 | 20.0 | 4.59 3.431 
2 49 20.8 
8 
2.49 3 (tt. 66) 0 
j | 
| ‘809 
| 


= 


Intensity ia No. fate ntity a, in A 


™m 2 25 23 4.1/9 
4 2.42 2 m 
vert 2.155 2 
6 8 1. St $.108 
7 4 1.84 mew 
to m { 63 ¥3 
it vw vw 0.209 
2 m 4.62 32 w Q ¥2u3 
wet (.57 33 m 0.6243 
14 ws 1.44 34 w 0.8633 
1S 1.40 35 6 0.8158 
16 w 1.34 0.8413 
17 w 37 0.8274 
18 4.294 38 sn 0.8240 
{9 s-m 1.250 39 0.8163 
20 w {.232 40 U.G4i 


Significance of abbreviations: m= medium, = strong, weak, vs = very strong, vw 
very weak, 


TABLE 33 


emery Content of Ni and Bin Anodic Deposits Formed In Non- 
aqueous Electrolyte (60 mt of HCl (1,19) per 1150 tnt of 


= 


49 0.077 | 0.005 
M 06201 0.018 
49 | | 0.066 


store 
ee 


The sesults of chemical analysts of the phases {:0- 
lated from the alloy hy the different methods are shown | 
in Tables 1-4, and ste based on the weight of the alloy. 
dissolved, 


> 
€ 
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Fig, | 


Fig, 2, 


Fron Un data given in Tables 1-4 it will be seen that im the course of the ele stralytic seporatics 
phases proportion of the nickel boride gows Inte 


thon, while in tha with 


acid (1. 2) nest of st undisouived, Data from the share hat all cases 


! 
bs 
: 
; 
\ 
ES 
| 
‘ 
sou 


deposit ecartitted one and same ta eccordsnce with the results of chemical corpo 
sitioa ef deposited phase may be by N15, 


Th aiche! boride has the eppesrance of bisch solid, fs tn ditute sulfurte acid (2:2), ft 
ts concentrated sulfuric acid (1.6%) en protenced heating, Ut hardly dissolves tn concentrated (1,19) 
of in diiste bpdrochtoric ectd (1: lyeves efter profoaged heating, dissolves ta Gre cold tn diluw citric actd 
and dena recta, ft atso dissolves eatity in dilute end tulfurie ecids tm the presence of oxidizing 
agents evch hydrogen peroxica, persulfate, ete, 


Oo te beth of Creve hrvestigetions it can, therefore, be stated that the system Ni-B includes tho chemics! 
cum pound K13 which forms @ solid-colution eutectic mixture on niche! ea base, 
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KUPTURE OF THE PYR4ZOLINE #ING. DURING AC 


Ershov, A, N. Kost and 8, 


(Presented by Academician A. N. Netme yanov, November 249, 


Pyrazolinee which have no subsQtuent on the nitrogen atocn, may be traasfoemed inte the corresponding 
N-acylpyrazolines by the action of acid anhydrides or acid culotides [1,2], However, it has heen observed tha, 
anoina les sometimes occur in the acylation of pyrazolines, This, Fraunderberg and Stoll while he 
ing obtained, instead of me a gubstance 
having mp, 214° whe structite Ucy did not investigate, While benzoylaung 2,4, (1) 
according ty Schotten-Baumnann we have wolated two substances, One of these (A) had mp, 216° and wat 
ble in squecus atkali, the other substance (B) had mop, 93° and wae inssluble in 


Curtins and Wirsing io. and Hofmana in the coure of reacting chie- 
tide with the pyrazoline in question (i), obtained a substance A which (hey described as fete - 
methytpyrazoline (11), In 1928 Lochte and co-workers [6} reported that benzoyl pyrazeline (11), having inp, 
wat formed during cyclizadon of acetoneaztiuvc by the action of benzoyl chlonde, However, the sub- 
stance A (in,p, 236°) which was taken by the above authors to be (1), prowed to be 
henzoylhydrazine (TV) as wat shown tn vur expenments the results of which were confirmed and by 
of the comesponding absorption ipectra, Substance Bim, p, 97°) which has net been totated by the 
ame authors, proved w be the benzoylpyrazeline (11) sought, 


Wt has been found that, depending on its conditions the reaction between benzoyl chionde and prrazolim 
(can be made tw proceed either to complete rupture of the pyrezoline ting with the formation of dibenzoyihy - 
drazine (IV), of in the direction of normal benzuylation, When pyrazoline ts added tu excess benzoy! chlor de 
the presence of aqueous alkali, dibenzoy lhydrazine (IV) obtained as the sole product of When 
the wactsuts are added in the revere order, or ff the reaction it carried out under complete eve hsion of nie 
ture, only benzoylpyrazoline is formed, It is intersting to now that with acctonecazine (IN) the reacttan foi- 
a shinilar pattem, giving exclusively benzoylpytazoline in anhycouw media, while in the presence of 
imusture and excess henzey! the azine is decomposed with the forination of Ihydeazine (IN), 


During the decomposition of acetoneantine (IM) there was formed, in addition to dibe thy drazine (LV), 
Icetane which was identified ta the forn of tts semicarbazone, while in the case of the pytazeline L there was 
similarly obtained mesity! oxide which was also transfurined Into its semicarbagene, 


The ability of pyracolines to undergo the cleavage of the C-N bond with comparative caste tesembles te 
Conretponding properties of the structural enslogs— the A in the latter cate the mechanisin 
the edlitting off of the amino group has been the subject of systematic fnvestigation, 7}, Inthe presenve of a 
Constant excess of free pyrazoline, or under anhydrous condivons, hy druyen chiogide is split off and acy ation 


tiv) 
| 
i | 


takes place, In the presence of hydroxy! fons (in aqueous alkaline medium) and excess benguyl chloride prom 
ton ts split off at position 4, followed by opening of the ring, 


Gm, coc c 


-¥ 
ty 


of dibenzuylhydrazine was also observed to take place during benzoylation of 4-ethyI-5- 
prpylpyrazoline, This action of benzoyl chloride docs not appear tu be specific of this acylating ageat, This, 


by the action of capruy! chlonde on pyrazuline (1), of on 3-methyl-S-pheny!tpyrazuline, there was obtained: 
syrimetrical dicaproylhydrazine, 


BenzoyIpyrazoline resists the action of benzoyl! chloride (under conditions), but 
decomposes fairly eastly giving N,N*-dibenzoy lbenaylhydrazine (V1), 


(vid 
tw) 


Pyrazolines are acylated by acid anhydrides without rupture of the cing, although, as is well known (8), 
acid anhydrides can decompose azines, 


EXPERIMENTAL 


1-Benzuyl- 5,5, 5-trime thy Ipyrazotine (I), To a solution of 45,4 (0,2 mole) of benzoic anhydride In $6 
of aniydrous beazene was added 11,2 (0,1 mole) of 4,5,5-trimethylpyrazoline (I), The benzene soludon 
was washed with DN sodium hydroxide, dried, the solvent comoved and the residue rerytallized from absolute 
theohol, Yield of theury), m, p, 92,5-93°, 


Found 72,25, 72.37; H 7,57, 7,65, Cutt Calculated %; C 72,19; H 7,45, 


The absorption spectrum in methyl alcohol hat 247 and log € 4,48, 


Interaction of 3,5, S+trime thy lpyrazoline (1) with benzoyl chloride, To a inixture of 11,2 g (0,1 mote) of 
pyrazeline (1) and 5° tul of 2N sodium hydroxide was added, dropwise, 16 g (0,12 mole) of benzoyl chloride, 
Vfter shaking for 19 minuws there formed a white inas which gradually crystallized, The crystals were wasted 
repeatedly withcold 2N) sodium hydroxide solution and with hot water and were then treated with 100 ml of 40% 
The residue was recrystallized from absolute alcubol, Yield of 
64 (29.6% of Cheary), 92-92,5°, There was nu depression of melting point with I-benzoy!- 
1,5, On neutralizing the alkaline extract there was obtained 3,3 g (22.4% of Uieory) of 
(IV), p. 24-246) Literature [9], m,p, 236°, No depression of melting point was 


observed with @ known sample of 1,2-dibenzoylhydrazine, The absorption spectrum in methyl alcohol has Aimax” 
232 my and log ¢ 4,279, 


when Tt y of pyrazoline (1) was added slowly to a well-shaken mixture of 14 g (0,1 mule) of benzoylchlo- 
tide, 25 inl of henzene and 7 y of invist soda crystals, followed by similar eaunent, 1,2-dibenzeylhydragine was 
as the only product of reactlon, Yretd, 11,8 g (97% of theory), mop, 246° When benzoyl chloride was 
aded tu pyrazuline (1) under the same conditions, in the presence of benzene and moist soda, only I-benzoyl- 
farmed tn yield of 67.9% of theory, 92,5-91% When the reaction between bense- 
ehtonde chloride and is cared out under anhydrous conditions followed by 


} 
) 


145-149" (4 mm), p. In this case the order of addition of the starting matertals ts not Lmpgrtant, 
oxide sernicarbazons was obtained by the ether extracts of te washings cbtained from the frac- 
Uorauon of pyrazoline, with semicarbazide, 162°, Literature (10), m. p, 103-164", 


Interaction of 4-ethyt- Ipyragotine with chloride, To 7 g (0,05 mote) of 4-ethy!-8-propyl- 
pytagoline [11] (bp, 110-212° at 22 min; nj} 1.4682, 0.9130; 42.71 calcd, for 42.81) was 
added, tn the presence of Sg of tok 9 g (0,07 mole) of benzoyl chloride, The ecparated ofl wes washed free 
from benzoic acid and disttled twice in vacuo, There was odtained 6,9 g (49,3% of theory) of 1l-benzoyl-4- 
180-181° (10 mm); 1.5689; dy? 1.0357; MRp 71,18; cated, 

71,62, 


Found N 12,83, 12,65, Calculated N 12,45, 


If pytazoline tsadded to tne reaction mixture, 1,2-dibenzoylhydrazine ts fomned, Yield 21% of theory, 


Interaction of 3,5,5-cime Ury Ilpyrazoline with caproyl chloride, 5,6 ¢ (0,05 mole) of pyrazoline (1) was 
added to 7 g (0,05 mole) of caproy! chloride In the presence of 5 g of inolat soda, After the usual treatment 
\,2-dicaproylhydrazine separated, Yield, 4,6 g (80.6%), m.p, 159° (from alcohol}, Literature (12), mip, 159%, 
There was no depression of melting pulnt with an authentic sample of 1,2 dicapeoylhydrasine [12] 


Interaction of 3-methyl-S-phenylpyrazoline with caproyl chloride, When the reaction was camied out” 
under similae conditions with 14 g (0,1 mole) of caproy!l chloride and 16 g (0,1 mole) of J-methy!-5- aac? 
ruitne, there was obtained 7,1 g (62% of theury) of dicaproylhycrazine, myp, 159°, 


Interaction of 1- S-timethyIpyrezoline (V) with benzoyl chloride, A mixture of 11,2 g (0,08 
mole) of benzoyl chloride, 7,4 g (9, 036 mole) of pytaroline (V) and 4,5 g of soda crystals was heated to bolling 
and, after cooling, teated tn the usual way, Yield of N,N’-dibenzoylbensylhydrazins, 1,9 g (16% of theory), 
mp, 148° (from alcohol), Litersture (13), mp, 148°, No depression of melting point with a known sample of 
N,N*-dibenzoylbenaylhydrazine [13] was observed, 


Interaction of acetoneazine (M1) with benzyl chloride, To 14g (0,1 mole) of benzoyl chloride was 
added slowly a solution of 11,2 g of acetoneazine In 25 ml of benzene, Ty the reaction mixture was added 30 
mi of water, and after the usual treatment there separated dibenzoylhydrazine (IV), Yield 17,3 g (72, 5% of 
theory), m.p, 235-235%, If the reaction tixture was immediately fractlonatd in vacuo, beazoylpyrazoline (1) 
wat obtained, Yield 2,7 g (12.4% of theory), bsp, 146-147° (4 mim), m,p, 92-93°, From the aqueous washings 
obtained from the decompoeiden of the azine, there was obtained by the action of semicarbaride, acetone 
semicarbazone, Literature (14) mip, 187°, 


* syrazoline, 10,6 (0,1 mole) of proplonyl chloride wasadded dropwise to 
11,2 g (0,1 mole) of pytagolinn in the presence of g of soda cryttala, The reactlon mmixture was washed 
with JN sodium hydrovide and extracted with ether, After fractionation there was ubtained 7,2 g (49%) of 1- 
bp, 125-127° (21 mm), nly 1.4179; dq? 0.9413; MRO 48.39; MRp calcd, 
foe CyHgONg, 48.60. 


Found N 16,93, 16.97, yON,, Calculated 16,66, 


1 -Butytyl-3,4,$-uimethylpyrazoline was obtained from 11,2 g (0,1 mole) of pyrazoline (1) and 11 g (0,1 


rule) of butyryl chloride th a manner similar te chat described above, Yield 8,3 g (45,7), bsp, 121- 123° 


(3 mm); ny 1,4665, 9.6663; MRp $2.22; MRI calcd, for Cyt, 62.43, 


Found C 66,75, 64.76; 1 10,64, 10,11, CyyHisON,, Calculeted C 66,44; 9,95, 


I-lsova was obtained tn a similar manner from 4,5 g (0,04 mols) of pytas 
(1) and 7,2 g (0,08 mote) of troveleryl chloride in 25 mi of benzene, Yteld 3,3 g (42,9), bp, 109-119" 
mm); 1.4712; 09526. MRp 57,65; caled, for 67,64, 


Found 14,45, 14,19, CybtpON, Catculared % 14,27, 
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1-(m-Nitrobe §, 5-trunethy tpyrazoline, This was obtained stinilarty, from 4,5 g (3.04 of 


pitetotine (1) end (9,98 mote) of m-hitrobs chlocide, 20.3 ofl which crystallized on standing, 


Found N 16,24, Calculated N 16,09, 
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ON THE THERMAL STABILITY OF COMPLEXES OF UREA WITH 
ORGANIC COM POUNDS 


1, R, Krichevsky, G, D, Efremova and G, G, Leontyeva 


(Presented by Academician A, N, Frumkin, November 28, 1956) 


Urea forms crystalline complexes with alinust all types of stratyht-chain organic compounds ~ hydro- 
ethers, aldehydes, acids, alcohols, ete 


Among investigators occupied with questions of the fonnation and stability of complexes of urea with 

compounds, the has become established that urea cannot form complexes above its melting point, 

Although up to the preseat dine no urea comple xcs stable above 132,7° have been obterved 
scverthele ss tt is completely incomprehensible, from the potat of view of thermodynamics, why the inelting 
peanut of urea should be an upper for the custance of a curnplex, At temperatures below 132.7%, coin- 
in equibbbaum with urea in unsaturated soluvons (aqueous solutions, for example) have been observed 

“*, Urea tn unsaturated soludons, partcularly aqueous solutions which are nearly ideal solutions, ts properly 
somendered from Ore thermodynamic pointof view as Itquid urea with an activity less than that of sulid urea at 
tine temperature, 


The thermal stability of 2 comples is greater the longer the chain of the organte compound [2,7], The 
stability of a complex prepared from a mixture of organic substances ts greater than the thermal stbi- 
of comple ves pre pared from the Individual cotnponents of the mixture (7), Therefore, in the search for 
comp leves stabie above the melting potnt of urea, the authors conducted experiments with paraffin and with 

reun, ie,, with multicompuncot mixtures consisting of kong-chain hydrocarbons of the paraffin series, 


Chenvcally pure urea, comumerctal paraffin with a molecutar welght of 307 and in,p, of 41-43°, and 
types of puriffed ceresins were used for the experiments, The synthetic ceresin had mp, of 82-83%, 


The coimpleves of urea with paraffis of ceresin were synthesized in scaled glass tubes having a volume 
sec, The formauon of comple ves of urea with paraffin of ceresin began only at temperatures above 
parsffin of ceresin, The reactton between urea and ceresin proceeded very slowly over a 
weed of several hours, The most favorable condidon for the formation of the complex war tlow coullng of the 

of urea and ceresin, 


The glass tube containing the complex was fastened ina rack ina thermostated ale bath with windows 
The temperature in the tuth wat ranted slowly, and the tempersture of complete disappearance of the coin- 
was obsceved visually: 


component Temperate, °C 
Paraffin 124.5 
Cerin fom Surakhanask formation 
 Borlslav forma dun 157.5 
synthetic No, | 149,9 
° No, 2 149.5 
Nu, 3 141,06 


+ 347? 
- 


The complexes of urea with the different types of ceresin were stable above the melting polnt of urea, 
The complex of urea with synthetic ceresin Nu, 3 existed at a temperature of 141,0°, 


wt. 


Cun) 
' “2 
5 ! 
Urea Fig. 2, Thermal etadility of uea-cetene complex la 
uon- e3 tn 
Fig, 1, Thermal stability of complexes of urea wows, 
with cetsne, paraffin, end ceresin In Iquid am- Y 
In ordsr to confirm ths stability of the equill- 
brium between ths complex and the molten urea, 
plex, 4) urea-ceresin complex, 


sealed tube containing tha complex of urea with 

thetic cercsin No, 3 was rotated in ths alr bath for ton 

hours at 136°, The complex did not decompose, and in the melt of urea and ceresin Moated the complex pre- 
cipitate, There wes only clear wea melt in a control tube containing urea elons, 


The stability of the complex at temperstures above the melting point of urea can be comoretrated by 
another method by studying the equilibrium between the complex and urca in unsaturated urea solutions, 


It ts well known that in ayieous solutions of urea, the stability of the complex depends on the urea con- 
centration of the solution {7} It is evident that the curve of the temperature stability of 8 complex begins at 
2 temperature below the melting potnt of urea, and ends at the temperature above which the complex cannct 
exist regardless of the urea concentration of the solution, Therefore, in order to determine tho stability of com- 
plexes at temperatures above the melting point of urea, It ls necessary to trace the cours of the temperature 
curve, Water was not suitable asa solvent for these experiments, since the reaction between urea and water to 


give arnmonia ad carbon dloxtde proceeds at an appreciable rate abuve 190° Liquid ammonia was selected 
as the solvent, 


The authon measured the solubility of urea in ammonia by the synthetic method of (10), 


and obtalned good agreement with Lteratuse data fll] (Figure 1), The solubility curve for urea In quid ammo- 
nia haga break at 46° the melting point the compound 


Asin the experiments without a solvent, the complex was synthesized in a sealed, heavy-wall tubs, the 


tube was rotated In the bath, aud, while raising the temperature slowly, the temperature at which the complex 
completely disappeared was determined visually (Figure 1), 


The temperature -stebility curve for the urea-paraffin complex ends at 124,5°, but tha temperature curve 


fe the wea-ceresin complex clearly extends above melting point of urea and is directed — tis previously de- 
termined temperature of 141,0° (see above), 


In order to determine the accuracy of the method used, the authors meagured the hhenmnal stability of the 
ufea-cetane complex in equeous urea solutions (Figure 2), and obtained good sgrecment with the Iterature data 


"|, The temperature-stability curve of the complex crosses the curve of the solublilty of urea in water st 06° 
Figure 2), 


> 
— | 
| 


Original Russian pagination, See C. B. trarslation, 


During the fnvestgation of the thermal stability of the urca-cetans complex In emmonta solutions of 
urea, we observed that the tolubility curve for ths ures intersects the thermal stability curve of the complex 
ata somewhat higher temperature, 69° (ece Figures 1), This discrepancy can bo explained by partial 
sition of ths urea In aqueous solutions during lengthy experiments (zeveral hours), owing to which the ectual 
concentration of urca {n the aqucors solution was somewhat less than the value 


The thermal stability curve for the urea-cetene complex Intemects both branches of the solubility curre 
for urea In Itquid ammonia (sce Figure 1), and the complex ts table within this tempersturo 


Several qualitetive chtervations og conditions for the formation of complexes were made while carrying 
ox the experiments for measuring the thermal stability of the complexes, 


In experiments with ensaturated solutions of urea in ammonta, If, after the temperature wes reached 
at which the complex of urea with ectzne (paraffin, cezesin) completely decomposed, the tempersturs was 
decreased 5-10°, the complex did not form again even after rotating many bours In the bath, Formation cf the © 
complex required covling by 15-25° and, In some experiments, by 40-45%, If tho compicx was not completsly 
decomposed during the temperature tlre, keaving a small emount of °seed" remaining, the amount of complex 
did not increazs on cooling while tctating the tube In the bath for several hours, If the complex was decom 
posed at the temperatura et which solibility and stebillty curves intezmect, lowering ths temperature by 
10-15° not only did not form compisx, but did not prectmitats urea fiom {ts supersaturated solution, In the 
control sealed tube containing no-cetans (paraffin, ceresin), crystallization beg2a on supercooling tha solutica 
1-15", 


Tho reason for the dslay in crystalltsation of complex can be found tn the small probability of forming 
nucic! of complex if we take Into eccount that in the complex of woa with cetans, for exempts, one moleculs 
of cetans requires twelve molecules of urca (7), Ths delay In the crystatlization of urea fn tho presence of 
cetane (paraffin, ceresin) can bo explained by ths adsorption of molecules of cetane (paraffin, cezesin) on the 
surface of urea nuclel which. hinders further growth of the nuciel, 


Thus, by means of urea-ceresin complexes It was shown that the melting polnt of uroa (132,7°) ts not 
limit above which the complex cannot exist, The complex of urea with synthetic ceresia fa etabls to 141,0°, 
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CONVERSION OF DIBROMIDES OF UNSATURATED 86-LACTONES 
TO BROMO-SUBSTITUTED 8-KETO ACIDS AND THEIR ESTERS 


A-LACTONES, 


R. Ya, Levine, N, P, Shusherina and M, Yu, Lurye 


(Preecnted by Academician A, N, Neameyanov, December 3, 1956) 


In ow previous communication (1), the reaction between a dibromide of an unsatuwreted 6-lactons — §,6- 
Jibromo- 5,6 - dime thy lte uahydru-q -pytone (1) — and water was described for the first It was chown that 
the reaction consists of the addition of water with cleavage of the ladBone ring and the splitting out of one 


nwieculs of hydrogen bromids, and leads to the formation of y-bromu-y-acetylvaleric acid (in quantitative 
vic Id): 


The structure of the resulting bromokete acid was proved by counter synthesls - bromination of y -acetyl- 
vaienc acid with dloxane dibromide, 


In the present work it was shown that the reaction between dibromides of unsaturated §-lactones and water 
can serve as a method for the preparation of y- or ¢-bromo-tubstituted &-keto actds; the reaction proceeds tn 
the cold, is complete within 0,5-1 hour, and leads to the preparation of bromokcto acids In high yields (70- 100% 
calculated on the original untatisated §-lactone), 


The following acids, not described previcusly in the seedtiowie, were prepared by this route from the cor- 
netponding dibromolactones (I1)-(V} 5-oxo-4-bromohexanole ac 170.0% yield }. 4- 
FVID, 87, 2% S-ox0-6 ((VII), quantitative yleld); 
ated 2-bromo-2-(4 [2-bromo-l-cyclopentanone -2-y -proplonic acid} (1X), 78%} 


Br Br 
co Cit, - - HBr 

\/CO 

Br (VI) 

(It) 
CH, CH, 
CH, co -- d 
) CH 
(ily 
921 


q 
‘ 
— bude 
1) 


Clty 
(vin 


(1X) 


CH, — CH, City 


Continuing the cf the reactivity of ditromolactonss, wo were tho fire to thelr 
ection with ethyl alechol; tt was shown chat fa this procesded the adiition ef atechoi with claves 
of tha lactone ring end splitting out of one molecula ef broraiés with the formation ef ethyl 
y° @ aclda® Tho reaction proceedsd with evclsttca cf 
beat, and was complete tn half hour; ths yisids of esters of ecids comprised ealeuisted 
on ths original umaturated @-lactons, 


By mears of this reaction — ths reaction of dhroemolactones with efiyl etcohot~ we prepared tha 
ethyl esters (X-XIV) of the ebove-indicated bromokcto acids (ts ethyl ester XIV eplit out bydrogea 
during distillation, ead was converted to the ester of the wwscturated keto ecld XV); have not pres 
viously been described tn tho ture; 


Br 

CH, 


#C,H,OH 


(X) 


{X1) 


CHe 
H, 
Br CH, 
(av) —— 


(X11) 


© The behavior of In the reaction with elcohol recalls to a considersble extent the bahevie 


or of didromides of vinyl esters; thus, for example, dibromides enol ecetatcs of ketones react with sloohols 
give ketones (3) 


Cit, cH | . 
CH, = 
(9) 
| 
(Vv) || 
; 
P 


with an equimolecular amount of bromine et~ 10, 15°, After evaporating of the ether under vacuum 


ur 
— CH,CH,COOC IH, 


' 
Co 
with poss. admix. of 
-CHCTLCOOC LH, 

xv 


The structure of these esters was peoved by counter synthests ef onc of them: ester XI wee obtained by.- 
the action of dioxane bromide on the ethyl ester of y-acetyDutyric —, 


(Xf) 


Thus, the reaction of dibromides of unsstwated 6-lactones cam serve 88a method for the preparation of 
Of e*bromo-tubsltuted §-keto ecids and 


Cli gCOCH,C COOGH, 


EXPERIMENTAL 


Dibromolactones, The unsaturated §-lactones [ 1}; G-methy}-3,4- 
dihydro-g -pyrone [3]; 5,5-dime thyl-6 -tsopsopy license -3, 4-dihydro-a -pyrone [4]; 
3,4-dhydro-a-pyrone [4]; and 5,6-cyclopentano-3,4-dihydro-@-pyrone [5]) were brominated ta ether solution 


streani of dry alr, the resulting dibromides were immediately Introduced into ths seaction with weter or ethyl 
akohol, since they readily split out hydrogen bromide on standing (¢}, 


y°oe-Bromo 6-keto acids, The dibromotactones (I1)® were treated with water while stirring vigo- 
rously and cooling with ice, The reaction wes compiete tn 0,$°1 hour, The resulting crystalline bromoketo 
acids were (iltered and dissolved In ether; efter drying the ether solutions and evaporetion of the ether under 
vacuum, the bromo-keto acids were crystallized from petroleum ether of benzene, The meiting points, yields, 
amd analyses of the bromoleto acids are presented in Table 1, 


TABLE 1 


Calculated, % 
Co M 
8-0x0-4-b: exanoic ecid 30—41 7 4.56] | 6.35 
acid) omo-y -acetyl- rom petrolu-n ether H.62) 4.49 
-bromo- “ 75.5$—76 5.45] 0.53 | 
nad (from benzene) 40.70} 3.50 
fused, 
43 45.32| 6.35] 45.27 | 6.46 
m |40:74| 4.65 | 40.60 | 4.71 
8-bromo-8-( -carboxyethyi)= l(from a mixture of 40.83] 4.98 
cyclopentanone ( ethes sad pevoleurr 


of yc? e-bromo- Atiz- © ssvenfosd excess of ebcolum ethyl alcohol was 
added to tha ¢ibromides (1 © V) ia the cold and with stering; ths dibromides dimotved completely ta the aleo- 
hol with considersbla evolution of heat, After 36-69 minutes, the reaction mixtuss wes poured into cold water, 


*Treatment of the dlbromolectones (IN) and (V) had to be carrted out wits very vigorous etirting while ecoting to 
~ 0°; otherwise, the brormoke eclds (V1) aad (IX) could not be isolated in the crystslilne form ewing to thels 
further conversion, 


. 
: 
e 
| 
} 
if 
i 
: 
| 
if 
= 

= 


TABLE 2 


Calculated % 


Compound Bp. °C 


Ethyl ester of S-oxo- 
~bromro-4-meth= (ig mng 
ylhexanoic acid ( X) 
Ethyl cater of B-oxo- 124 126 46401. 
~bromohexanote (40 mm) 
acid (X1) 
of B-oxo- | 182 163 
bromo-4,4-cie K10-lLanny 
per 
| 145. 447 14474211. 234018 
6-bromo- 4,4,6-ti 0mm) 
ac 
rethyl)+ 149 -{50 [1.478011 07%) 
one (XV)* 


EMp = 0.55, 


and the equcous alcchol solution was extracted with ether, The constints, yields, and analytes of thease cst 
(X determined after distillsuion of the eaters under vacuum, ers presented In Tablis 2, 


Vacuum distillation of the bremo-substituted ester XIV, obtained from V, w23 eccome= 
panied by eplitting out of hydrogen bromids, which led to the ethyl extcr of unsaturated keto acid XV, 


Counter synthesls of the ethyl ester of 6-ox0-4-hromohexanotc acid (XD, 12 g (0,043 mots) of dioxane 
dbromide was added in small portions, while cooling with water, to 7 g (3,044 mole) of the ethyl ester of 
yracetylbutyrle acid (3), and the mixture was allowed to stand for 0,5 hour, After distillation of the dioxzae 


and vacuum distillation of the residue, there was obtalned § g (50% yteld) of ester X1, b.p, 123+124° at 10 mm, 
ef} 1.4650; d? 1,3360, 
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PREPARATION AND INVESTIGATION OF SOME PROPERTIES OF 
RUBIDIUM AND CESIUM 


V. Moltseev, B, A, Maeterova and A, A, Belyustin 
(Presented by Acedemictea A, N, Terenin, Novembes 20, 1053) 


The study of complex glasses in which the only alkali comporsnt ts redium or cesium fs of 
great interest, elnce parials brosdeaing of our oa tha of nature of tie eliall fon ca the prow 
pestics of the glass, end, to perticulse, It permits a mors complete study of te processes eccuniig in- 
teraction of the with colution, Ao fs well rowan, Culs interaction & Ga originaticn of differences 
In potentials et boundary, which ere tre rezult of fon exchangs betweea Gs end the 
solution, Therefore, to investigation of gleaca contalaing rubidium and cesiem fiona bs of great dgtiNerace 


connection with the theory of giass electrodes, broacsning of obtaining gisss olectrodes witch 
are reversible wid respect to elkelf lors, 


However, the preparstica of rubidium end excium moot with di Meultics es to for euch 
preparation, these élificultics being connected, first of ett, with ths irfeability of suck Thezefora, 
only (rotated of trformation are evallable ta regarding rubidium end, eppascatiy, 
ceslum glassca hava not been generally dzecribed, Thus, Wetertoa and Tumer (1) prepared tehidiuin of 
the composition 10% CeO, end 18% which was fursd at a of 1500% elniflor 
batch containing ceclum oxida in place of rubidizm oxide did not fuse even et a temperatura of 16507, Perley 
[2] sttempsd to prepare with lergo redicium end ceslem content la omer to study Ciel electrode pio- 
perties; however, bo wes 


It chould be nowsd thst Ia electrods glamos there are sometimes used emall additions of 
tubidlum end cesium (2-3%), which obstruct the entry of coclum Into the gizes and Gereby dacreaie ths 
alkali error of the gloss electrode [2], 


Kracok [3], studying the locus of the Uquidus of cristobalits, also propered with coateas 
of rubidium and cesizm oxides 3,60-2,89% Rb,O, 2,34-3,85% CaO}, 


Since wa undertook the preperation of rubidicm and cesium gtsecss in connection with stuty of ths pro- 
perttes of the gisss electrode, we firt of al) tarynthesise glass of the composition 11% 
ALO, end 15% to sodium end potassium giserss which exhibi: tho mspective metal 
tloctrods functions, However, this was very tifustdis ths batch did not melt even et tampereture of 
1800*, In order to reduce the melting peint end viccority of the gles, ths aluminucn oxida and part of Gs allle 
cé were replaced by boric oxides, A ensll emount (£7) of calctura oxida wea added & (ncrsas9 Ca chemical 
tubliity of the g'sca, Two rubidium gtasees containing 80-30% 2,0, No, aad 6 {a Table 1) were fusad, 
But this gloss wee wery witcous, Fart of Ge exite wes wi magnesium reduce 
the viscosity, Ase result, rubidium end cociun of two compozitions were ised; 60 20% 
B,O,, 16% MgO, end S% CeO end 60% B,O,, 152 | 2% MgO, end C20, whew 
*Rb,O end C2,0 (Glosees Noa, 8, 0, 10, end 11), 


It chould bo polatsd out that thsra fs pomtbility cf preparing glass of intermediate composition, for 
example, one contsining 257% Attemps were also to preps:a a tubldium with lowes boric 


“Here ead in the remainder of this communication, all glass compositions sro given in mole por cent, 


‘ 
| 


“TABLE 
Comportions of the Clames Synthesized 


We. 
PROLC 


3 


18.6] 
44.83 


© Compositions bared on synthesis data, 


oxide content (Na 1) and a gises with higher boric oxide ceatent (No, 12), However, tists planes 
crystallised ready, Pos compésrison, sodium end gtaszes of Cis same comporiiion (Noa 1,2,3, and 

4) were prepared, Thus, to gisnes eyntheslzed constitute two erica containing 20 (Ssiics 2) and 
IT) Bertie oxtds, 


The mets! carbonstes, boric ecid, and silicon dioxide were med In ths preparation of the 21°29, Ths 
sodium, and rubidicm were fused tn platinum in 8 with Silke 


furnace ats temperstare of 180°, These cubidium and cesium gisicca bigh rection luse 
ter"), 


The glasses of both scrics wera subjected to pretiminary {nvestigatioa, 


In order to compara the characteristics of these glasses, tests of thelr chemical with to 
water wers out by Ge method of Kehirausch which requires a amount of This 
method is bared on of the elecuical conductivity of the water after agitation of gisss powder fa 
it, The glass was powdered in an agstc mortar, The fraction paring through a 200 mech sicve was sclected, 
and the powder was then freed from fines by washing with ether, Tho experimental results ers preserted lo 


Table 2, For cumparison, the chemical stability of J electrode glessca which were metal-rerponiveinawide | 


pit interval was also determined, 


Values of the specific conductivity are given in the table with a correction for the orfrinal conductivity 


of the water, and values are also given for the magnitude of 4, which characterizes the depth of he disintegras 
thon of the gless (5,6): 


- 


8Fd 


Too A 


where 6 ts the thickness of the disintegrated laycr, F ts the total surface of tha glen, d ts tie density of he 
v is the volume of water, « ~ wg is the specific of ths ints p ts o:9 
percentage content of R,O, A is the equivalera welcht of R,O, an ROM of ele 
kali ot infinite dilution and 16°, If ts assumed that v, F, end d for ell of tre glasses Invenigatsd remaiacone 
stent, then the magnituds of will be proportional to “the thickness of the Cisinte crated For evall- 
able in large amounts, the chemical stability was determined by the acceleration method developed by the All- 
Union Institute far Glas (T], The results of thess experiments, exprened in mg of 2,0, are presented ta Tabis 2% 


_ mole. 

to} es} os 2 [ 1.241 2.48 ; 
€3 5 is 2 437 ‘ 
2 13 2 4 11 209 
ta} 1s} 2 31.3 |- 084) 
y are 
— 
us 


TABLE 2 
Chemical Stabtlity of tre Glasees at 18° 


Giss composition, 


mol. 


b 


BE 


BE | 


ovr 
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*Date taken frora the work of M, M, Shults end L, G, Ato, 


Comparing the values cheractcriging chemical ability, {t can be noted that, for glasses with a bigh boric 
oxide content, the sodium end potacium glasses have approximately tha eame stability, while fcr eloctiodes of 
aluminodorosilicate gleezes, the etability of the sodium glzescs is higher than that of the The 
tubldium glass of Series t less stable, and that of Sorics ts mors stable, than sodium and glans, The 
cesium glatses, particularly of Series [1, are considerably more statis than of elmilsr compozitica eca- 
taining other alkali fom, It ts possible thet ths incresecd stability of the cesium gissss la comectsd with the 


transfer of @ smal) emount of elumina from the corundum crucBles to the glass, The alumina impurity tn these 
glasses wes detected by spectroscopic analysis, 


At to tha electrods characterhtics of these gtaeets, wo carried out preliminary potential meserements in 
wdium chlortds solutions with electrodes of giss No, 1, and we elo ths resistence of electrodas of 
glass Na, 3, which wes very high (10° MQ}, Tho potential] was clearly dependent os ths concentratica of sodium 
tons, but the sodium retponse wes only 80-90% of theoretical, 


As 8 clarification of the nature of tha reaction of these glacses with solutions, tt was also of Interest to © 
invertigets the eteorption of cations by these glasses, Such stucy cen givo information esto thanaturs 
of the bonds cf the elkall tons in the gises, Ih this comection, the sorption of rub tons on of Eeries 
(Noa, 2,4, exd 9) in 0,01 N ROCI was studied by means of atems, The ry botops (T © 10,5 days) was 
uted as the racloactive Indicator, The experimental expressed the number of rubidium etcms etcorded 
over specific time Inurval by giess pists (working eurface eprroximatsly 1,6 6a em,), are Ia Fig- 


ere 1, For compsricon, oa th graph ts shown the sorption of rubidium on a potassium electrode glass (61% 
9% AO, End 25% 


The results cbtalned ere qualitative, since the error in measurement with the method used for the prenara- 
Urn of the gizss plates was 25% Therefore, they permit Judgement only ‘of the overall nature of ths process. 


As seen from Figure 1, the eteorption of rubidium on sodlum and glasses was approximately 


| » .3| | 39.0 
| os | 74] 73) | 
(| | 


~ 


the same and was somewhat greater than on rubidium glass, which, apparently, ts a consequence of the differ- 
ence In surface properties and Internal structure of these glames, 


Thus, asa result of the work carried out, ratios of components were found which permit preparation of 
glasses with a large content of rubidium and cesluin oxides, This was successful owlng to ths titroduction {nto 


tho composition of a large emount ef berle oxide 
in mixtures of megnesiucn and cesiien On ths 
besis of this first experiment, routes can bs planned for | 
the preparation of rubidium and cesium glasses with 
metal electrods functiana, 


In conclusion, the authors express thelr deep ap- 
preciation to Prof, B, P, Nfkokky for constant atteation 
and Interest in the work, and also to Acadsmicizn of 
ot «# 68: we the Academy of Sclences USSR M, A, Eczborodov and 


Prof, A, 1, Avgustinik for valuable edvice, 
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HOMOLYTIC ISOMERIZATION OF 1,1, TRICHLORO-3-BROM OPROPENE 


Academician A, N, Nesmeynov, R, Kh, Freidline end V. N, Kost 


Until recently, the question of the possibility of free radical rearrangement in solution was debatable 


(cf,, for example, 1-3), Up to the present, rearrangements in redicels by pheay! group migration hae beca 
described [4-10} 


In ow work by two of the authors of the present erticie aad L, 1, Zekharkin (11), rearrangement was 
found to occur in a radical of the structure CCISHCK,R by migration of chiorine eccording to; 


This reartangement occurs during homolytic addition of bydrogen bromide or bromotrichlorometiane to 
1,1, 


In the present article, we report on the homolytic bornerization of 1,1, l-trichloro-2-bromopropens wo 
1,1,2-trichloro-3-bromo-1- propane according to the scheme 


CCigCBr CH, CC] — CH, Br 


(2) 


1,1, l-trichloro-2-bromopropsne bas the following constants; 67-635°/15 mm, 1.8323, f° 1.8493, 


On standing, after certain Induction period (1-2 days), of on Lrrediation with mercury lamp for seve 
eral ininutes without heating this compound Lomerized completely to 1,1,2-tichloro-3-bromo-l-propene with 
8.b.p. of 78-79°/19 mm, 1.6550, 1.6335, This isomerization was conveniently waced by measuring the 
index of refraction. The addition of hydroquinone of dimethylaniline to the 1,1,1-trichloro-2-bremoprepens 
prevented the itomerization, and samples containing inh{ditor were stored for many months without change. 


We assume that the lsomertzetion proceeds according to the following scheme: 


b) CCI,CBr = CHy + Br» CCiCBrCH,Br 
4) + CCleCBr om CCICH,Br + CCICBrCH,Br @) 


Thus, bere, epparently, rearrangement occurs tn the redical in @ manner completely e{milar to Ce re- 
strangemem previously mentioned fompare Schemes (1) and $ (c)). 


Our case of homolytic tsomerization of CC1,CBr © CH, a interesting in that this feomerization differs in its 
Course from anionotropic allylic rearrengemem of this same compound. We showed that 1,1,1-trichloro- 2 bromo- 
propene undergoes allylic rearrangement under the influence of emtimony pentachloridg aluminum chloride with 


the formation, In yield, of 1,1,3-trichloro- 2 bromo- 1-propena, b.p. 61-82/21 min} 1.6522, 1.6984. 
These rearrangements are Compared in the scheme: \ 


. 

4 
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The methods of preparation of the substances lavestigated end proof of thelr structure were, brtefty, te 
following, 


The initial material for the preparation of wes 
bromopropane, which was obtained by the action of bromine, without irradiation, on to 
acetic acid medium with a yield of 60? of theoretical, 


1,1,1-Trichlor-2-bromoprope ue was obtained as the sole product of the ectiva of potassium hydrontde | 
on 1,1, letsichloro-2,3- with cooling (yleld, 11% of theoreticsl)s- 


(1) 


The allylic tsomesr of this compound ~ 1,1,3-trichloro-2-broino-1-propers — was prepared sccording to the - 
scheme: 


(lV) (8) 


The structure of substance Ill was confirmed by hydrolysis with nitrle actd (sp, gr, 1,52) with the forination of 


a -bronw-4 -chlorepropionic acid in good yleld; the latter, by the action of alcoholic alkali, -bromor 
acrylic actd, 


The tsomerization of substance to substance IV by the actlon of SdC1, [Scheme (4)) confirms the stuce 
ture of 1, since the reverse fsomerization of substances of IV to substances of Type I] ts unknown, 


1,1,2-trichloro-3-bromo-3- propene, the product of the homolytic lkomerizatiun of substance BD Scheme 
(2)}, was synthesized by kuown route according to; 


(CH CO 


(Vv) 
4 
All thece trichlorobromopropenes, Il, IV, and V, which were prepared both by lsomerization accomling t 


Scheme (4) and by an independent route sccording to Schemics (C) and (7), were identified in the form of ts 


hydrochlorides of thelr diethylamino derivatives, prepared according to Schemes (8) end (9) In ylelcs above asc 
of theoretical, 


ech ~ NH 
(IV) 


cce, CCl : CCl, CCICH AN ‘Cyl 


(Vth 


- 
= 
| 
‘ 
‘ 
. 


tty érochloride (VT) did not Cepres tho mefting point when mixed with previoutly pre 
pared 4 


Cl Gas other observations macs ta the cowse of wak, the following could be mentioned, 


By the ection of a solution of potesctura bydrozids fh ethyl cellccotre on 
propene, with cooling, eftes the urval teatmect there was obtained @ mixtuco of products from which, by eseuum 
disiMation in Colunwn, was the previcesty mentioned[{Scheme (5)} 
poopene (IV) with a of 81-29°/23 em, 31,6522, & 1.0055, which wes identical all Properties to the 
substance obtained by allylic leormertz etion of 2,1, letrichices-2-bromopropenes @ mixture of didcomices of the 
composition C,1,ClDry wes elso obtained, By reaction with diethylamiss fo methyl elechol medium, Gils dle 
bromide give a diethylamino derivatives which waa {centical with the previously described 1, l-dichicre-2< 
Ths greperstion of the indicated dlethylamino cesiyative shows that the 
have the structure CCLBr - Cir = CH, or CC}, = 


1,1, 1-Trichloro-2-bromepropene (1D end Its allytic omer IV, prepared both by isomerization end 
carding to Scheme (6), when rescted with benzene In the presence of AIC, gave, in good yield, the same 
compound of the suuctie CCh, 


tt should eho be noted that 8 resection cartisd out between 1,1, end bromine tn chiore- 
form median with braclaton by ea incendsscent lamp (150 watts) gave 3,1, 
contaminsted with ea Lomeric (cf, [23], 


TABLE 


Formuls D. Pp. 
Jeg/mm 


il. 


A7— 8811 
/21 
7879119 
CCH CBr CHAN (CH 
CC 


23 


== 

PENNS 
22 


* Found % N 6,43, 5,26, Calculated % N 5,38, 
M, p, 144-145°, 
eee Prepered by che ection of potassium hydroxids on 


The lates compound could act be fsolated tn a pure form, Judging from the fact that on beating this mix- 
ture with ecid (ep, gr. 1,62) @ -chicro-6 -tromopropionic ectd was tsolated In 20% yield, 
it cen be sssumed that the mixta contained, és én irnpurity, (pure 1,1, 
oa bedting with ecid-rp, gr, 1,62~pives oaly neutral products containing 
nitrogen), This conclusion ts in egreement with the fect that the ection of poteselum hydroxide on tha mixture 
gave mixture of brometichlompropenes which could be separated tn the form of 
diethylamino derivatives of the structure, 


CCl, CCl, CCICH,N (CoHe)s 


The formation of 1,1, cen be explained on the bacis that, unde: Ge 


| 
pa % 
cale, calc, 
4 6678] 2.0870) 43-64 0.09 
27.93 | 97.09 
4.8023] 37-03 | 3765 0.09 
4.8680] 33.29 | 0.62 
t 4.4000] 68.39 | 25.80 
; its 
0040] 8.8608] 87.09 | 87.10 2. 
| 1 0448] 2.0057] 49 00 | 40.85 
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deacribed couditions, tn contrast ta teaction is acetic miovium without trad dlaticn, tere & alto bronina~ 
tion by homolytic mechanian accompanicd by rearrangement in racles? according to the 
i 
CCICHOICH, Be Bry Re be 


e 
bomerytte 


CCH, =COrcH, 


Oo, 


The resctions cemied out tn the present work are represented in the above scheme, *® Some 
tants and analyses of the compounds prepared are given in Table 1, 
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SYNTHESIS OF NITRILES FROM ALCOHOLS AND AMMONIA OVER 


OXIDE CATALYSTS 


Ya. M, Paushkin, L, V, Osipova and N, Khershkovits 
(Presented by Academician A, V, Topchiev, October 12, 1956) 


In recent years, more and tnore of the materials previously difficult to obtain have become product of 
tonnaze production, This is completely tric of nltriles, Such nltclics as acryloniuils and adipontirile have 
fuuad broad industrial application, Acetonitrile and nitriles of other fatty actds have found even greater ws, 
Te productica of altriles by direct reaction of amimonia with otganic compounds has attracted the attention 
uf numerous fivestigators, both here and abrozd, This interest hes been caused by attempts to Find methods far 
Ure prodkrction of acetonitrile and other nitrites in large amount from relatively cheap taw material, Such 
cheap raw materials are ths gascous hydrocarbons from thermal and catalytic cracking of petroleuns 23 well as 
how welght paraffinic hy-kocarbons, For some time past, the production of ritriles from olefins and 
ammonia has received rather widespread attention In the Biterature; several articles have abo been devoted to 
the reaction of ammonia and paraffinic hydrocarbons, The reaction of alcohols with ammonia has been con- 
sidered in many papers, although chiefly from the point of view of the production of amines, 


TABLE 1 
Physicochemical Properties of Acetoniutle 


of | Elemental 
B.p.. °C, and a0 composition, 
press., mm Hg | c 


CHCN. 


Synthesized 80.0—81.5/730 216--218) 58 73) 7.45 


Lit, data (8) 
end Theoret, 81 .6/760 ‘ 218 5(*)| 58.52) 7.36. 


© MR, calculated theoretically from atomic refractions, fs 11,25, 


Several) patents also report the production of nitriles from alcohols and ammonia, Thus, a Brith patent 
1} described the production of butyronitrils in 45% yield from buty! alcohol end ammonia ta-the vapor phase 
over reduced nickel catalyst at 159° end 2- to 6,5-fold excess of ammonia, Other Investigators have alzo 
established the formation ef nitiles as intermediate products during the production of emincs (2), n-Butyront- 
wile and benzonitrits were obtained by Denton and Bishop from n-butyl alcohol and benzyl alcolwl, respectively, 
inthe presence of molybdena-alumina catalyst with a twofold exces of ainmonts 3t a temperature of 435° 
‘WL A British patents 4) describes the production of nltriles from primary alcohols and ammonia In the vapor 
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phase in the presence of vatalyse contalnitg ef molytdenum, toagten, ead vanadium ead satte of motyd= 
denim and nickel, 4 Danish patent ladicates Be possfhlilty of productog nitriles from the Zing 
huls and ariununis over a catalyst af the nitrile CN was obtained from nvheptyt aices 
hot in 60% yteld at Ethyt alcohol ead anaonts give acetonitrile tn yield over reduced copper at 
191-344° (6,7) 


We investicsted the reaction of ethy? end taosmy! alcohols with ammoals tn the presence? of rroly } 
ahanins catalyst (10% Moo, 90% 


The alcoho! was fed at a spece rate of O13 Lter/liter of catetyst per bow, mguisted by a 
mechoctsm, to the catlyst-filled reactor, was Inetalicd tn catalytt with temperature 
tor, After drying with solid poteslwn hydroxide, the smmonia was fed from eylinder the tequizad tate 
regulated by 8 galyanometer, The reaction produc were condensed Mint in receives Mited with cone 
denser, and then In covled with Gy in alcohol, The efNuent freed from emmeanta by 
passage through water end through a tube of lid ammonium thlocysnste, were mearzed wiih @ gas mover and 
collected in @ gasorneter for analysis, Analysis of the gas was carzicd out tn a VTI eppsratus, 


The experiment were carried out over thee-hauw 
periods, The catalyst wes regeverated with wnt) 
Yields end Physfcochemical Propertics of the 70-128° ths coke, formed duwing the reaction, waa — 


TABLE 2 


Fraction (aicohol spece rate 0,13 hou’; burned off, The catalyzztes, efter Glimiaation of the 

t-Cgt,,0OH: NH, * 1:3). ammonia and emmeonium cyanide by bolling cn wate 
bath with a reflix condenser, were Cistilled from as 

Pavorsky Mash, A broed fraction, bolling to $2, was 
removed the realdue water, This fraction wes thea 

3 redistilicd, and a froction boiling at 74-77%, ecatoni- 
3 tlle-water ezcotrops, waa colisctsd, Anhyctous 

altriis was obtainsd by drying ezsotrozs coves 


potassium hydroxics ead subsequent distillation eveg 


| 0.7900 | The acetonitrile was identified by of 

4 27 7972 4.3959 

1 4 | 0.7924 | 1940 qualitative tects, the physicochemical acd 

458 24 7 9 7012 | 3918 the preparation of the condensatlon product with phioe 
447 27 O roglucinol (Tab!s 1), 


The effect of temperature on the yield of acetos | 
nitrile was studied in the expertiments with ethyl alcos 
hol, 
We present below the data obtained, from which It is scen that the formation of acctentiile begen et @ 
temperature above 359°, and, with a further incscase in temperature, the yield increased to a definite 


after which it began to fall owing to an increase an side reactions the decomposition of ammonla end of the 
acetonitrile formed (space ret of the alcohol 0.23 NH, 1: 2% 


Tempereture, °C 350 «6415 «4466 «2638 

Yield of acetonitrile, mol, %: on NHy; 6.6 7.8 32.6 10,6 42° 
on OH - 12,2 34.4 229 19,8 11,8 
Yield of NHCN, mol, % of alcohol charged 12 2,6 2&7 48 10,2 


Traces of pyridins were obeerved diging the work with ethyl at temperatures below 400°, 
fractions had an increesed lodex of refraction ead the characteristic odor d The pressace of pyridine, 
was established by the qualitative reaction with cickel thiocyanate end copper sulfate (10}, Morcover, ths 


srnall upper layer had en index of refraction of 163517, close to that given in ths Uterature for pure pyrlind 
(1,5092), 


The reaction of tsoamy! alcohol with emmmonta was studied, After eomoval of the emmonts 
ammonium cyanide, which were formed in sms amouns, the catalyzas seperated into two layers, Aceto- 

nitrile was not detected in the aqueous layer by qualitative reaction with FeCl, The upper layer, eftes drying 
with solid KOH, was distilied a Favortky Mask, end fraction boiling st 28-10° 1.3778) end a broad 


TARLE 4 
Prepsrstion of Nitrtics from and Ethyt end fosmy! Alcohols 


ed. wish! 


Starting matesial 


fas 


—CH,--CH,OH 

CH, 
—C I : CH,CN 
C,H,OH 


LITERATURE CITED 
LF, Olina Pat, 2,235,721, XI, 1944; Chem, Abstz,, 39, 4319 (1045), 
Brit, Pst, 666470, BI, 1967; Chem, Abstr,, 41, 6354 (1947), mi 
B, Cishop and W, L Deaton, U, Pet, 2,487,209, XI, 1949; Chem, 44, 2545 (1050), 
Grit, Pat, 684,652, Prnvary, 1952; Chem, Abstr,, 49, 10203 (2953), 
Dsaish Pet, 70,857, X, 1952; Chem, Abstr,, €8, 1416 (1954), 
Tohoru and Komsteu Shigeru, Met, Coll, Kyoto Imp, Untv,, GA, 241 (1925), 
W, Denton end R, B, Bishop, ind, and Exg, Ctom,, 45, No, 2, 223 (1953), 
Hendd, ony, Chemie, Aufl, 2 183 (1926p) 8, 315 (1820), 
H, P, Howells and G, Littie, Am, Chem, 64, 245) (1032), 
(10; H, Meyer, Anstysis and Structurs Determination of Organic Compounds, Loningrad, 1937, p, 808 
(11) A, F, Plate and M, E, Volpta, Proc, Aced, Sci, USSR, 86, No, 2, (1983), 


Institute of Petroleum Recelved October 12, 1956 
Academy of Sciences USSR 


¥ 
: 
‘3 
x3 
20.4 


CHEMICAL STRUCTURE AND TRE PHYSICOCHEMICAL PROPERTIES 
OF HYDRUC ARBONS® 


NEW RULES AND METEODS OF CALCULATION 


ve. M, Ta teveky 
(Prosented by Academician A, A, Balandin, November 17, 1956) 


In previous papers (1-5) we shqwed that a number of physicochemical propertics of paraffinic hydrocar- 


bons (alkanes), ~ molar volume, moltsr refrecticn, heat of formation, heat of combustion, best of va- 
perization, etc, can be by the equation 


Pa 


where P is the property per mots of substance (or its averegs veluo per molcculs), ths 
manbet of Cy— Cy bonds in Gs molecule, Pyy is the valus of the given phyticochomical NgCy-Cy bonds 
(or for ons Cj), are indices denoting whether tho carbon atoms tn ths Cy~ Cy boad simary, 
ondary, tertiary, of quaternary, It was elso shown (3) Gat Equation (1) cea be put inw tie form 


P 2Pig 3) Pat Dds 
(2) 


where, Gy = 0, and the remaining valuce of Gy are related to Py by the equations 


Pyy— Gu Pu ty Pas 


Gra Pas Pras: Ore Pa to ss 
Gym — Pas — 2P 


Eqeitiors (1) aad (2) hold foe any branched or normal sikanes, In particular, for normal aliancs we have 
from (1) of (2) 


Prorm = — + 


(3) 
*This paper contains part of the results presented by the euthor at the symposia held at Moscow Stats Univer- 
sity in April, 1956, 
**The notation of this article differs slightly from that of the preceding papers, the correspondence Is easly 
entablished by comparison, 


It has been shown (3) that all alkancs can be divided into groups such that, independently of the number of 
carbons tn the afiance foiling into a given group, for the alkance of the given (for exainple, tha m-th) group 
the following condition hold approximately: 


.. nip Guy const. 


From (2) and (4) ft follows that for alkanes of the m-th group 


pin 2Prg — 3P oq + + ros. 


where n fs the number of C storms in tes alkene, end the remaining valucs on the right dda of tha equatica are 
Concscqusatly, in esch group of alkence, the physicochemical property, P, being 
ly Copsndeat oa Go number of carbon storms ta ths alkancs of tie group, Therofers, ia momen of esch croup 
dlspisy homologous properties in a manoce to ie members cf tha ecrics of copmal elkanca, From (5), It 
ako follows that tis stra{oht Coscribed by Equation (5) meet bs paralisl foe ths dificrcat end cise 
only by 8 along tis Pext, Analysts of conci¢crabls data ca moler welums, best of for- 
mation, refection, boat of veporization, and wspor presse shows that the valuss frem thoory ere 
very wall confined by (ra data faz thess phyticochemical pacpestics of tes 


It ts evicsnt Cut the weNccted by Equatica (5) can bo evccessfully weed for the celculston of ecrics 
of physicochersical propertica of ths higher from the physicochemical progertics of lowsr 
Actually, Uf cf ero kaown for two allanss of the m-th group, ths of Equation (5) ez 
mined, end of P fice ell Cre other of the aims group (with otier valuca of n) be calculated 
from Equation (5), 


Stace valucs of Py snd Pp, con be Cstermined from valucs of the eppropalata physicecheinical propenics 
of ths normal attonca, end a") can be from the valus of tua puyzicochemical pzcpcrty of 
a sizzle elkses of C:2 m-th croup, data oa the physicoche:nical propertica of the normal alksncs can be 
for the calculation of given physicochemical property for ell alkanes, end experiments) valoa for ta property 
P is for caly oma of the ali:ones of ths group, It evident that Qa posibullty, effcred by Equa- 


tlon (5), for esiculsting tse ghyzicochemical properties of the higher alkancs considerably extends and supple- 
ment easlior known methods of calculation, 


As was shown easlicr(3}, for all classes of hydrocarbons containing alkyl radicals, the equation for cal- 
culating a physicochemical property P cen be put kato the form; 


‘ 
PmC+ niyP 


where C {s a constant for a given stuctural nucleus (naphthenic rings, benzene ring, @ nucleus with doudle 
bonds, etc.) to which ere added the alkyl groups, and also characterlatic of Gio substitution of Ge auclew (num- 
ber and order of substituting alkyl radicals on the nuctous), and refers to ths substituting alkyl radicals, 
It is easily seen that hydrocarbons with a given nucleus (C = const) can be divided into groups according to the 


nature of the substituting alkyl radicals such that for cach group (for exainple, the m-th), Equation (6) can be 
transformed into the form: 


(4) 
| 
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whence, fet ¢ given group: 


~ const 
a'™ ~ cons. 


Then, Equetion (6) sduces to the form: 
+ A” + abi, 


where all velucs @vcept a are conetent for a given group, and everything indicated ebove with respect to alkenes 
will hotd with respect hydrocarbons of che clases which contsln alkyl redicah, 


Analysis of the avalishts dats en molsr volume, best of formation, refraction, and certaia other properties 
of hydrocerbom of varices shows that the experimental data for of Wid varlow con- 
firm the predictions from ws comidar Ge values cn the basis of those groups of hydrocarbons Into which 
they can be dtvided cn the bszls of Equation (9) and the previously presented Equation (3) for Gels sczics of 
physicochemical prope rtics, 


For sach physicochemical prepertics as and boiling point (which do not obey Equations (1 - 
(5) and (9) can be weed es follows, For density we have: 


where Af ts molecular weight and V is molar volume, Since fur hydrocarbors of a given m-th group, both M 
and V follow a linear equation of the type of (5) or (9) 


where nm isthe number of C stoms in # hydrocerbon of the m-th group, the density of hydrocarbons of the 
n-th group ts expremed by @ fractional linear function of n, 


Based on an analysis of the dependence of heat of formation and vepor pressures on temperature for hydrocarbons 
of the m-th group, it can bo shown that the boiling polots, at @ given pressure, of hyocarbons of the m-th group.. 
fen be expressed, first epproxtmation, by a fractional linear function of 
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SULFOXIDATION OF 


METHANE WITH GASFOUS SULFUR NTOXIDE 
AND OXYGEN 


Academivian A, V. Topchiev, G, V. Gryagnov and G, M, Tsiguro 


There has been practically no description of the sulfoxidation of methane in the litcrature, there being 
only individual indications of the conve sion of methane under the action of certain sulfurizing agents, Methane 
has been slowly dissolved in furning sulfuric acid ( 1]; however, the compounds resulting from this treatment were 
met isolated, Methane reacts thermally and trennocatalytically with sulfur trioxide with the formation of sul fur- 
contatning dedvatives and oxidation products (2,3}, 


Methanesulfonic acid and its derivatives are usually prepared by other methods, Alkali salts of methane- 
sulfonic ecid can be prepared from tals of sulfurous acid and methyl lodids [4] or from methyl! iodide and dl- 
«ty sulfite in the presence of potassium hydroxide (SL Heating dimethylsufate with alkali metal sulfites (6} 


gives the curresponding salts of methanesulfonic acid and methylsulfuric acid, which are difficultly separable 
from other, 


Indirect methods for the preparation of methancsulfonic acid {1,8} are abo described; however, there is 
m mention in the literature of the possibility of direct sulfoxtdation of methane with gascous sulfur dioxide 
and oxygen for the preparation of methanesulfonic acid, The present work, which we carricd out using as ro- 
won initiators vartous additives, ultraviolet Hight, x-ray irradiation, and higtr frequency electrical discharge, 
had for (ts alm the investigation of the possibility of sulfoxidizing methane, 


As 2 result of experiments carried vut in quartz apparatus In static and flow sysa:ms, it was established 
that there as practically no sulfoxidation of incthane by gsseous sulfur dioxide and oxygen under the Influence 
ef ultramolet light, Only photochemical processes involving the oxidation of methane and of sulfir dioxide 
ovenucred under these conditions, Methane also did not undergo photochemical sulfoxidation tn the presence 
of metallic mercury, acetic anhydride, palladiuin black, or benzoyl peroxide at low temperatures, but at el- 
evated temperatures (200-400°C) methanesulfonic acid was formed with @ yleld of about 0,02 % of theoretical, 
In this case, the main processes were the oxidation of methane and of sulfur dioxide, The yield of sulfuric acid 
was 30-40 times that of methanesulfonic acid, Under the influence of x-rays, the Initial gaseous matertals re- 
acted with the formation of only carbon monoxide and dloxide, hydrogen, water, and eulfur trioxide in amounts 


of the order of 2-9% of each, We were unable to detect the formation of methanesulfonte acid under these con- 


The inertness of methane tn the sulfoxidation reaction can be explained by the lack of apprclable dis- 
sociation of methane molecules with the formation of methyl radicals ucder the influence of ultraviolet ight 
with @ wavelength greater than 3000 A, and that the dissociation of methane molecules proceeds to some ex- 
tent only at elevated ternperatures (200-400°C) under the Influence of ultraviolet light, Under these conditions, 
as noted above, we were abic to obtain small amounts of methanesulfonic acid, 


By carrying out the sulfoxidation of methane with gascous sulfur dloxide and oxygen in a flow system in 
the field of an electrical discharge (duration of the action of the discharge on the reaction mixture varied, in 
the varlous experiments, from 1,4 to 4,5 ininutes; calculated wavelength 357,6 m), we wer able to Increase 
the yield of methanesulfonic acid to 2-3%, based un methane, These experiments were caried out tn reactors 
with an intemal electrode in the fonn of a platinum wire of 0,05 of 0,19 mm diameter, The generator of the 
high frequency attenuated vibrations was a *Tesla® transformer with an output of 200 watts at 1,000,000 volts, 


‘ 


which was fed by an off transh ice with an output of kw at volte, 


Analysis of the liquid reaction products that of tlh products 0,001145-0,00 1247 
of methanesulfonic acid 11 19), 00026 grequiv, af suldiske seid (2494-30, 689), 
methyl alcohal, and the ninainder wate We were mable to detwet the reaction products 
any hydrogen sulfide, mercaptans, carbon disulfide, of carbonyl! sulfide, During passage of the reaction” 
mixture through the sow of the electrical dieharge, cumiderable amounts of sulfur posited on the walls of 


the reactors, Formaldchyde, acetykeme hydrocarbons (in amounts of 0,60-0,65 vol, %), carbon monoid: | 
185%), carbon dlovide (4,8-5,0%), ethylenic hydra (~ 0, 1%), and Uh) were found 
the reactor gascous cfflient, 


The composittons of the solid, liquid, and gaseous action products attest to the great diversity and 
plexity of the proceses occuring among substances in the gone of an electrical discharge, We assume that la 
tw fleld of a hight frequency clectrical discharge, the synthesis of methanesulfonic acid proceeds hy a chala 
mechanisin with the Intermediate formation of methane persulfucic acid; however, owlng to the gicat number af 
different side reactions, which are not comidered in this commuanteation, the specific role of the eulfoxidation 
of methane remains very The process which amtiates the sulfowtdation of metham is apparently @ pros 
cess of the decomposition of methane molecules, excited by the chetical discharge, in one way of srother 


CH, CHS + (1) 


A methyl radical reacts with the sulfur dioxide forming @ methanesulfinie radical: 
+ SO, - CH, — soy. 


which ts further oxidized by oxygen with the formation of a methanepersulfonic radical; 


This radical reacts with methane giving 2 motecule of methanepensulfonic acid and a new methyl rad- 


teal 


4 CH, CH,SO,O,H CH . 


The molecule of tnethane persulfonic acid is unstable, as are al! alkane persulfonic acids, In aqueous wlu- 


thon, it ts very rapidly reduced by sulfur diowlde to methanesulfonic acid with the formation of an equimolar 
amount of sulfuric acid: 


) 


The water ts fonned chiefly by die reactions desrited by Fyuations (6), (7), and (13), and also partially 
by Yeaction (ly, 4 Oy CHO 4 


‘OW CH + 


| 


(6) 


t A 
2 


This scheme with the dats of Nalbendysn (9) en the photochemical oxidation of methane in the 
presence of mercury vepos, Pormaltchyde, which was obtetied tn significant smouot under the coudtions of 
ow experiments, can be oxidised further by atomic oxygen: 


HCHO + O° CO + 


The possibility of the formation of methane sulfonic by the reaction of methane with medica’ 
formed a9 @ reault of the decomposition of the unstable methanepersulonic is not excluded 


(8) 
ChH,SO,O,H CH,SO,O' + ‘OH; 


CH,SO,O° + CH, -- CH,SO,H + CH} ; (9) 


(10) 


The excess amount of sulfurte acid in the reaction products in cOmparison with the amount which could 


nave been formed by Reaction (5) was obtained, In all probability, as @ result of the following procescr 


a) by the reaction of sulfur dioxide with ozone, the formation of which in electical discha nes has al- 
cady been shown by us experimentally; 


b) by disproportionadon of the oxygen in the sulfur dioxide contained in the gaseous reaction mixture, 
which {s accompanied by the simultaneous formation of sulfw (10, 


3SO, ~ S + 2S0,; (13) 


however, the major amount of the sulfur was evidently obtained, all the same, by the reduction of sulfur diox- 
ide by hy drogen 10): 


c) by the oxidation of sulfur dioxide by oxygen (10} 


+ Os ~ 2505. (14) 


As a result of this work, it wes established that sulfoxidetion of methane by gaseous sulfur dioxide and oxy- 
gen takes place in the field of an electrical discharge, The reaction ls accompanied by side reactions, 


CH, + ‘OH H,O + CHy 
SO, + O, — SO, + Os: 
(11) 
SO, + 2H, ZH,O + S; 
(13) 
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POLYMERIZATION OF 2-VINYLPYRIDINE AND 2-VINYLQUINOLINE 


Mi. M. Koton and O, K. Surnina 
@resented by Academician V,A, Kargin, December 10, 1956) 


In spite of the fact that vinyl derivatives of pyridine have recently found widespread use (in the production 
of SK [synthetic redder}, acrylonitrile fibers, fon-exchange realns, etc.), the process of their polymerization and 
cupolymerizatioa has been Ittle studied Vinylquinoline Is very close in swucture to vinyipyridine, 


‘ but until recently it found only limited application, 
apparently as @ consequence of Insuffictent knowledge 
of the polymerization process and of the propestics of 
it polymers 


A study of the polymerization of viny! derivatives 
of pyridine and quinoline is of theovetical taterest, slace 
it permits an evaluation of the effect of the hetero atom 
in. the rings of the vinyl monomers on their behavior in 
polymerization and copolymerization prucesses by 8 


Polymer yield 


: ae 
CH = Cl, CH Cll, 
N N 

Fig. t 2-vinyipyridine 2-vinylquinoline 


comparison with the behavior of thetr close structural relatives, styrene and vinyinaphthalene. At the same 
time, it ts also possible to study the effect of increased complexity of the molecules of the heterocyclic 


monomer, caused by the fusion of a second benzene ring, on the polymerization and copolymerization 
processes, 


With this aim, we synthesized 2-vinylpyridine and 2-vinylquinoline by reaction of picoline and 
quinaldine with paraformaldehyde and subsequent dehydration of the resulting carbinols over potassium hydroxide, 
The physical properdes of the monomers are presented in Table 1. 


In order to study the polymertzadon reactivity of 2-vinylpyridine and 2-vinyliquinoline, we studied the 
kinetics of the bull, polymerization of these monomers by a dilatomeuic method in the presence of 0.136 mol. 
% of the szodinicile of tsobutyric acid (2-a zodisicsobutyronitrile] at 60, 55, 60, 75, and 60°, The apparatus 
foe filling the dilewmesic empoules consisted of a distiilation Mask, condenser, and a receiver-deslccator 
which were placed the empoules cqntsining weighed portions of the inidatcr, Distillation W the monomer 


into the empoules was carried out in a sweam of epecially purified nizogen, which guaranteed highly repro- 
ducible results. 


Moreover, the bulk copolymerization of 2-vinylpyridine and 3-vinyiquincitne with asyrene, lecprene, 
and chlosoprene was studied at 60° in the presence of 0.2 wt, % B-szcbislsohutvyoniulle, The amount of 


| 

it 


TASLE 1 


Physicochesmes| Preperties of the Monomen 


6.8 | 6.66 | 13.16) 13 3 
6.00 | 3.80 9.09 


5 


| 
33.60, 80,02! 60.0 
$1.14] 85.50: 85.1 


0.9770 | 


0.9757 


1.5495 


| 


1.5497 


oA 


copolymer formed was determined after Gireefold re- 
coagulation ead drying at under vacuum to constant 
weight, The compasition of the copelymers was ¢ytare 
mined by analysis for aiuogen by the Dumas 
The copelymestzation rate comtants were 
using the lniegral equation of copolymer cemporition 


according te the method of G, A. 


As seen from Figure 2, S-vinyipyridine (Curve 0}, * 
in eonwast to 8-vinyiquinoline (Curve 0), polymevizes 
very readily, beginning at @ teimpecatwe of 


The monomers studied can bs arranged in the 


following series accosding to polymerization rate: 


2-vinyip pidine (1) B-vinylquinoline (U) > styreas 
(itl), The activation enezgies for the polymerization ef 
2-vinylp ytidine and 2-vinylquinoline were odtalmed from 
the study of the reaction kinetics: 

Mononier w, kcal /mole 
9-vinylpridine 1-10? 20.44 1.4 
Z-vinyiquinoline 1.10" 10.3413 


The slow polymerization of 3-vinylpyidine wos 
unexpected, and was apparently due to steric hindrance 
occurting during the reaction of radical with monomers, 


A comparison of the activation energies of S-vinyls 
pytidine and ?-vinylquinoline with thes of styrene those 
(21.5 kcal /mole) and 2-vinyinaphthatene (18,8 kcst./molt) 
indicates that increasing the complexity of the molecule 
of the vinyl compound by introducing a second bensene 
ring leads to an increase in teactivity of tie monomer 
owing to an Increase in the number of conjugated 
double bonds {4}. 


For a more complete charecterization of the 
reactivity of the Z-vinylpyridine and S-vinyiquinctine 
monomers, we studied theirs copolymerization with 
number of monomers, and determined the values of 
the two copolymerization rate constants 1, aad &, 


From the data presented, it follows that: 1) 
2-vinyliquinoline ts more active in copolymerization 
processes than 2-vinylpyridine; 2) 2-vinyipyridine end 
2-vinylquinoline are more active than styrene, 


Monomer M, Monomer Mg 


Vinyipyridine styrene 1,814 0,05 0.638 0,09 
isoprene 0.434 0.07 0.£38 0.03 
chicreprens 0,09420.001 8.1050 0,003 


S-vinylquinoline styrene. 3.692 0.85 0.4900.14 , 
leoprenc 1.08280.003 0,001 
chloroprene  0.3840,09 8,108 0.19 


Thus, tt war shown that the introvuction of @ nitrogen heteroatom Into the aromatic ring of 6 vinyl 


monomer end also @n increase tn the number of comdemed benzene rings In the mcnomer Increase the reactivity 
of vinyl! monomers. 
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INVESTIGATION OF THE MECHANISM OF THE ALKYLATION 
OF PHENOLS BY N-TRIMETHYL-a-PHENETHYLAMMONIUM LODIDE 


Corresponding Member Acad. Sci, USSR, D. N. Kurssnov and &. V. Vitt 


The alkyiation of phenols and phevolate anions by ammonium compounds containing oc substi- 
tuted benayi radical has been studied by a number of suthors (1-3}. 


lt has been established (4) that 8 mixture of produc of C- and O-alkytation ts formed by the reaction 
of ti-benzylp yridinium chloride with phenoi: 


+ 


It may be supposed, then, that this reaction, similarly to previously studicd (5-8) alk ylations by 
ammonium sais, isa heteolytic subsutution seaction of the Sxy-type. 


The sikylation of phenols by ammonium salu can proceed by elthes a synchronous mechanism (A) of 
an asynchronous mechsalsm (B) which includes the intesmediate formation of 8 carbonium ion (8) 


We investigated the reaction of N-timethyl-a-pheneth yiammonium fodide with resorcinol end 
phiorogiucincl. It was found thst on heating these phenols with he ammonium ealt, subseltution of tie hydrogen 
atoms of the phenol nuclew by an a-phenethyl group (a C-alkyistion reaction) occurred; 


Ph — cH 
NMe,g 


| 
‘ 
“a 
OH Ph — CH 
HO on 
| 
Ho’ ‘on 
OH 
351 


This reaction proceeds readily at a temperature of 150° and above, 


The alkylation of resorcinol and phiorogluctnol by optically active 
fodide was carticd out et 155-175° In an excess of the athatatable phenol. 


In this instance, ff the reaction proceeds eccording to Echeme (A), the a-phenethy!phenols formed must 
be optically active; ff the reaction proceeds according to Scheme (B), they will be inactive. 


It was found that the a-phenethyiphenols formed in this reaction do not possess optical activity. 
Nor did the a-phenyipropionic acid, obtained by oxidation of the phenols, possess optical ectivity: 


Po —CH-- City Ph—Cit—CH, 


| | d! 
Y 
OH 
Ph — CH — CH, Ph — CH — Cit, 


KA 


on 


bi 


These data permit the conclusion that the slkylation of the phenols by N-trimethyl-a-phenethytammontum 
salts proceeds In such manner that the {nitially formed ermsmenium lon decompeses with the formsticn of en 
a-phenethy! carbonium fon, which then reacts with the phenol; J. e., the resction proceeds eccording to Scheme 
@). 


This conclusion with respect to the mechanism of the reaction found further confirmatica tn the following. 


A reaction was cariied out between fodide and deuteroresorclaol, 
In this case, the deuteroresorcinol was not only the object of alkylation, but elso served es a deuterium dcnor, 


The a-phenethylresorcino! formed contained @ certain amount (from 6 to 10% of the calculzted emount) of 
deuter:tum In the phenethyl group. 


These figures were obtained from isotope analysis of the water from the combustion of acphenyiproptorte. 
acid — the product of the mild oxidation of deutero-a-pheneth yiresorcizsl, 


Carbonium tons possess proton mobiHty, and, in the presence of deutertum donors, exchange hydrogen atoms 
from the carbon atom next to the carbonium center [9}. 


This property of carbonlum fons permits judgement as to thelr part in chemical conversions. Therefore, 


the formaticn of a-phenethylresorcinol containing deuterium in the phenetiyl group indicates the Iutesmedlste 
formation of an a-phenethy! carbonium ton; 


Ph —CH—CH, Ph —CH—CD, 
— Pa — CH—cD, 


Ph —CH—CD, 
“OOH 
di 


We were unable to isolate the a-phenethyiphloroglucinol tn the pure form; therefore, the reaction mixture, 


after removal of the anvmonium talts and unreacted phlorogtucinol, was oxidized directiy to e-phenylproplonic 
acid. 


. 
- 
. 
‘ 
° 
Sy: 
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as 
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The slight depth of exchange percents ge-wire (but elgnificant in absolute valve) epparently indicates 
a short Hfe for the a-phenethyl carbonium ton, From the data on the depth of exchanges, tt follows that the 

rate of the deuterlum-exchange reacuon of the a-phenethyl fon Ls at least ten times less than the rate of the 
reaction of thls lon with resorcinol, 


EXPERIMENTAL 


1, Reaction of d-N-trimethyl-a-pheneth ylammontum fodide with tesorcinol, A mixture of 0.1 mote of 
J-N-trimethyl-a-pheneth ylammonium iodide (8) and 0 2 mole of resorcinol was heated in an atmosphere of 
ke 6 hours at 176 2°, 


The reaction products were ueated with water and extracted with ether. 


The ether solution was extracted with 4N NaOH, end the resulting alkaline solution was acidified with 
sulfuric acid. 


The liberated of was extracted with elther and dried with magnesium sulfate, The residve remaining 
after exaporation of the solvent Was fractiaiated with a herringbone dephlegmator of @-cm height. This yleided 
a-phenethylresorcinol with a b.p. of 189-192° (2 mm). The material crystallized on standing, The colortcss 
necdles resulting from recrystsl lization from n-hexane — benzene mixture melted et 72.0-79.0°. The substance 
did not possess optical activity. 


Found %: C 78.47; H 6.65 CygtiQy. Calculated % C 78.51, H 6.59 


The bis-p-ultrobenzoate, recrystallized from n-hexane— benzene mixture, melted at 143.6-144°. 


2. Oxidation of «-phenethylresorcinol to a-phenylproplonic acid, The reaction was carried out under 
the conditions described by Hart [10}. 


To a sciution of 4.57 g of a-phenethylresorcinol in 350 ml of acetone was added, with stirring, a solution 
uf 25,6 g of KMnO, in 1.2 Mters of water cooled to 10-12", The rate of the addition of the solution was regulated 
so that the temperature of the reaction mixture remained in the range 24-26", After the addidion of all of the 
permanganate solution, stirring was continued for. 30 minutes, after which the reaction mixture was carcfully 
ac'difled with 4.N sulfuric acid, and a solution of sodium bisulfite was added to dissolve the precipitated 
manyanese diuxide, 


The reaction mixture was extracted with methylene chloride, and the extract was washed with water 
and then exuacted with a 2 .N soluidon of soda. After filtration, the alkaline solution was acidified with 4N 
sulfuric acid, The berated acid was extracted with methylene chloride, and the extract was dried with MgSO,. 


After removal of the solvent, the a-phenytproptonic acid was distilled. Yield 1.34 g, b.p, 147-149° 
(14 mm) (after two distillations), nh} 1.6228 (according to literature data (10), a-pheny!proplonic acid has & 
b.p. of 145-8 (15 mm), 1.52310). The acid obtained was optically Inactive 0,2°), 


Neutralization equivalent; found 160,6; calculated 151.1, 
Found %: C 71.48; H 6.65 Calculated % C 71.97: H 7,71 


S-Benzylthiuronium salt m.p. 143-144*, 
p-Bromophenacy! ester m.p. 62-63". 


Found C 69.22; H 4.14 Calculated C 68.91; H 4.35 
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3. Reaction of fodide with 27.5 g ef resorcincl 
and 6.0 ml of deuterium oxide wete placed in a disullation flask. The contents of the fiark wers equilidzated 
by mild heating, The water was distilled unter vacuum and ecllected in a reeciver cooled with Hqutd altrogen, 
After removal of all of the water, the deuteroresorcinol was distilled, B.p. 163-6° (17 mm). Yield 26.8 g. 


The water obtained from combustion of the deuteroresorcinol had an excess density of 18,£00 y/mt. Si 


A mixture of 29.1 g of di-N-timethyl- a-phenethylsmmontum lodide end 18.5 g of deuteroresorcinotl 
was heated under nitrogen at 172 2° for Ihours, 8.42 g of deutcro- a-phenethylrescrcinol was obtained, 
bp. 197-8° (4 mm), mp. 17,5-78,5° (from a mixture of benzene and n-hexsne). 7.13 g of deutcro-c-phes 
nethylresorcinol was oxidized to a-phenytpraptontc acid. There was obtained 1.55 g of @ substance with a 
b.p. of 154-6" (18 mm), 1.5229, 


The water obtalned by combustion of a a-phenylproptoaic acid had an excess density of 416 y/mt, eines 
comprises 9.6 % of the value calculated for equiilbrium, 


The tntroduction of dcuterium into the phenethyl group is evidence for the formation of an a-phenetlyle 
carbonium fon during the alkyladon of resorcinol by the ammonium salt, 


4. Peaction of vet iba: ylammontum with A mixture of 0.03 


mole of d-N-a-tlmet iodide and 0.04 moie of piioroglucinol wes heated usder 
niuogen for 6 hours at 155% 1°, 


The reaction mixture was treated with 36 ml of 0.5 N HzSO, and 30 ml of ether, The phloroglucinol 
was filtered, and the ether solution was washed with water and dried with MgSO,, 


Removal of the solvent by disullation left a thick, uncrystallizable residue (5.75 g). 


Since attempt to Isolate pure a-phenethylphloroglucinol from this residue were unsuccessful, tt was 


oxidized directly to a-phenylproplonic acid. This gave 1.64 g of a -pheaylpropionic acid, sida 145-6 (12 mm), 
ny 1.6210, 


Investigation of the specific rotation showed that the substance wes completely devold of eptical activity 
0.2°), From this, ft follows that wie a-phenethylphicsoglucinol was elso optically Inactive, 


In a similar experiment, from 29.0 g of di-N-trimethy!-a-phenethylammontum todide and 17.3 g of 
phloroglucinol was obtained 6.21 g of di-a-phenylproplonic acid, b.p. 159-160° (20 mm), ny 1.8025. 
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RECRYSTALLIZATION DIAGRAM OF MOLYBDENUM 


M. Seviteby, V. V. Baron and K.M, Ivenove 
Preacated by Academician J. P, Bardin, November 5, 1986) 


Av is well known, slong with other factors, grain size hes en effect on die mechenical peuperties of 
metals. Molytdenum ts among the metab to which particularly eppiles: by means of properly selected 

nie hant. ef end Mesuel weatment to give fine-grained, mmifocm swaucture, bittic, coanc-gained molybdenum 
castings become much more plastic and can be subjected to cold celasnistion. 


Consequently, the construction of the reerystallization diagram of molybdenum, reisting the gretn alac 
of the metal with degree of U-formadon and snneasling temperature, Is of part'culaily 


Data are availabdie tn the Mterature on the depeadence of the recrystallization temperatwe of molyddenum 
of grades on mechanical and thermal weatnent (1, 4}, but s eystemade study of the rec: etallizadon 
has not been carted out, 


We constructed the recrystallization diagram of the first type fos molyddeaum which had been cast ta 6n 
ao furnace wonder vacuum end reduced by carbon, Chemical and analysts showed that the molyadcaum 
contained 0.2-0.%% corbin, @ few hundredths of a per cent of tron, and traces of silicon. The vxygen content 
was ~ 0.093%, 


in onder tu obtain uniform, fine iniual structure, the molysdenum castiags wese forged In several steps, 
The temperature the beginning of the forgiag wes 1607 and pt die ead, 1900", Hesung of the samples 

fure furging was cersted out in hydrogen furnace. The toral degree of was As recals 
@! thus weatment at high temperatures, the very coarse, numalform casting structuie was eliminated; forging 
at the lower temperstue (below the recsyptallization rempciatwe of Cre molyddenum) was continerd to 

‘ne formation of texture, Afver annealing of the deformed samples fur 1 how under vecuum at 13007 (this 
annealing regime wes selected as tesult of experiments), the tamples had polyhedral, fine-grained seruchue 
«ith an @verage of about 22-85 y. 


Vor constuction of the diegram, the Initisl samples, obtained by the ebove-déescrihed 
method, were subjected to cold deformations with degrees of eet of £ 6, 6, 7.6, 10, 80, 30, 49, 60, 60, end 10% 
vy compression in a 3&-ton hydraulic precs. Ia order to the meocified dimemioms, the compression was 
carried out in limittag ring, the hetgit of which corresponded te the required final dimension. Pallure of the 
amples Juring this weatment wae got observed, end caly on ta in the degee of deformatica shove 
was there observed small cracks st the edges, while attemp to deform the wmelyddenurn castlag led to 
epiteting even et low degrees of deformatin, of he microsuctwe of Me 
alters cold deformation showed that at low degrees of deformatica (2.6, 6, 1.8%) oriented biecks of 
geins eppeared, grain cruching was obeesved at highe: degrees, end a reduction of above GOD led to the 
of elongated, parsilel thresas in the élzection ef compression Figures lo, ond c). 


The deformed samples were enmealed for 1 hour under "yet 1100, 1209, 1800, 1400, 1630, 
and 1730", Microstructure asl wee carried out on the exnesied samples, end the microhardness ond 
nardness of the deformed ead eanesled tamplce were measured,” 
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Fig. 1, Microstructure of the initia: samples of molybdenum after cold deformation and 
and annealins (100 x) 4) 7.5% compression, b) 30% compression, c) 70-7: compression, 


d) same as a after annealing at 1530°, e — 2.5% compression and annealing at 1730", f = 
same asc after annealing at 173¢% 


Fis. 2. x-Ray phote sraphs of moltybdenurn: a) initial, b) 70% deformation, c) 707 defor 
mation and annealed at 


Determination of the temperature of the beginning of receystallization was by the x-ray method, and, 
fur the increased precision in this Jeterminauon, additonal annealing was caccied out at temperatures of 
49S, PSU, WG, VERO, MRS, LUNG, LU10, 1025, 1030, 1040, 1050, 1070, and 1180°, A solution of citric and 
sulfur. acids in water parts HNOg, 3} partsHySO,g, 3partsHzO) was used as the etcher to develop the micros 
Av erace size eas determin under the microscope by the intersection method and by calcu- 


the Gain hs otter to evaluate-the effect of deysee of deformauon ar* 


ae Pong ‘ 4 
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temperature on grain tec. 


The u-rey were hy moi yodencm radiau.m with ea expesure time of 1,5-8 hours, On the basis 
of investigations, wes establishes that rectyallization begins 995° for molybdenum samples 10% 


t Fizure 2) and at 1988" at 50¢ deformation. At lower degrees of defarmation (10%), recrystalline- 
Bom begins only st 1200°. 


Above 1390, was observed in.all defurmed and emmealod camples, Gratm growth a¢ the 
crttical degree of desormation occurred fram 1400" (10% deformadoap, An Increase Im temperate led te 
mote interac grain growth, maximum gain tise being uteerved et 7.6% deformation for 1590" aad at 2.6% 
for 173%, while at higher deformetiogs end the tame sanealing tesmpereture (1650°, 10%} gain 
was considerably less Pigure 1, d,e, 0). Hardness measurement was casrled out with 200-hg load an 
die cone penetrator; micrhardness was with digmond poiat 64 6 load of 60g. It curtuus chat 
the above-mentioned of Diack structure was accompanied at low compressions by deczosse 
te hardness of the sainpics, The hardness and microhardness then facseased with an Inoresse In defurmation, 
An espectally Increase in hardness wes observed at 10% deformation, Subsequent annealing considezably 
the ot the samples. Thus, ata deformation of 10% the hardacu was shout $30 kg/eq. mm, 
and after annealing at L100" it decreased to 187 kg/:q. mm owing to te occurrence of tecrystallization. An 
pease anoecaling temperatuse to sail fusther decreased the hardness of the sample (to 157 ky/eq. mm), 
which was caused by an Increase in the reeryrellized. grains (Table 1), Thepresence of a “critical” degree of 
dehamation cauted a certain decrease in hardness, which was especially noticeable at high annealing tempera- 
nes, The change in mictedardness in relatica to degree of deformation and e:mealing temperature was siniles 
ty the change In over-all hardness of the sample with the difference higher values of hardness were observed 
in this case, 


TABLE 1 
Hardness uf Deformed and Aunealed Molybdenum Samples (ky/sy. mm) 


Annealing 


Deformed, 


art | 


183 142 
142 | 952 


On the bests of these Investigstions, we constructed the secrystallization diagam of molybdenum 
‘Figure 3). The variation in the termperature at which rect yetallizstion begins with the degree of deformation 
us shown on the diagram as @ broken tine. Prom the data of the diagram, It lo seen erat grain growth was not 
weerved on annealing of the cold-defarmed molybdenum samples up to 1300°, end the greta dimension 
were commensurate with the dimenstons of tre initial grains at all degrees of éefarmation; the average grain. 
Jiamecer of the initial samples eaneated to 1360° was shout 26-83 y, for deformed eamples ennested et this 
same temperature it did nut exceed 30-32 and at high degrees of delosmaticn the average gain 
decreased (9 20y. Annealing ot 1400" led to eppreciable gain growth: at a defarmation of 10%, 


Above 1400° cosrening of the greins wes observed at ell degrees of daformation, the “critical® dogiee 
of Jefurmatian thilted to 7.4%, and the averaga grain diameter increased 1690’ to 233 y. There was 
considerably lese grain growth at high degrees of deformation (beginning 6t 40%), and et 10% it was only 49. 


Defasmation, 

171 | 166 | | 872 | 170 | | 180 | 102 | aot | ans | 229 

| | | 983 | | 473 | 173 | 473 473 | | 47a | 187 
‘ 106 | 463 | 168 | 170 | 475 | 478 | 475 | 479 | 477: | 4977 | 7 
| 170 | 163 | | seo | | | 472 | | 472 474 | 170 
| 463 | 463 | 161 | | 467 | 467 | 967 | 107 | 463 | 165 

15.90 | | 154 | | | | | | | 

1730 154 186 | 157 | 156 | | as? 
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Annealing at 1740 ted to still more 
yowth, At this temperas 
tue, the “critical® degree of 
thilted to 2.5%, and the prain 
to 3004, The average praln diameter of 
samplea deformed by Mure than 20 was 
¥0-90 and it did not change withan 
incteare in the degree of deluemation, 


On the basis of dite set of deta 
obtetned dwing the lnvestipstion of the re- 
of molybdenum, tt can be 
cuncluded that hot -warked molybdenum, 
after cold working at deformation ebove 
20%, can be annealed up to 1407, Te 
yratn will remain small during wits 


teaunent, 
Degree of deformadon, 


Average gain 


Higher anicaling tempegatures lead 


Fig. Reet ytallization of de first type foe molyb- tu cusite-grained structure after annealing, 


denum 
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ON THE COMPLEX COMPOUNDS OF LANTHANUM, Cerium, 
PRASEODYMIUM, AND NEODYMIUM WITH THIOUREA 


N.N. Sakhatrova 
Prescuted by Academician A, N. Frumkin, December 4, 1956) 


The ability of thiourea to form complez compounds with salts of verlous metals is very well developed. 
Thus, Retnotds [1], who discovered thiowea by lsomeric conversion of ammonium thiocyanate, polited out 

ahelity to form compounds with metal tele. He prepared and charactestatic compounds with 
aod platunum ehlotides, then, aumber of investigators [2-7] prepared numerous compounds of thioutea 
eith salts of lead, cadmium, mercury, dn, bismuth, chatlium, tellusium, copper, cobalt, iron, nickel, 
am! other metals, 


Largesscate investizations in the fleld of complex compounds of sliver, platinum, and palladium with 
alhyt derivadves, and other sulfus-contatning organic subsunces related to it were carried out 
by Kurnakov (8). 


Further, compounds of this type were studied by L, N, Chugacv (9), V. V. Lebediusky and coauthors 
{Lo}, aad others. 


Considering the clearly expressed atality of thiourea to fur complex compounds with metal salts, it 
wat not without Interest to carry out research on the preparation and study of similar compouads with sale 
4 the rare-earth elements of the cerlum gooup. 


The starting matertals for the prepsration of complex compounds of the rare-earth element with thiourea 
were the anhydrous acetates and thiourea with of 180-182". 


It was first established chat the ecetates of lanthanum, cetlum, praseodymium, and neodymium combéne 
«it usea in aqueous medium to give several products, he formation of which depends on the relative emounss 
aud tempecature of the reacting substances. The most stable complex compounds of these elements in squeow 
medium ere those in which, eccording to analytical data, there ts one atom of rare-carth element per molecule 
of thiotea, These compounds were studied by us firnt. 


These compounds wese prepared by mixing aqueous solutions of the acetates of the rare-earth elements 
with an excess of thiourca, specifically in a molar ratio of 1:3 (anhydsows metal acetate to thiourea), in neutral 
lightly acid medium (eeveral drops of acetic acid were added) with subsequent removal of the excess solvent. 


A weighed portion of lanthanum, cesium, praseodymium, of neodymium acetate was disolved in the 
ieast possible of water et temperatize not abeve 30-40", and into this solution wes inuoduced the 
uty Hinurea in en amount calculsted eccasding to the satio ladicated above, The excess solvent was then 
evaporated at foom tempereture in vacuum desiccator over calciven chicride or by hesting at not above 
After some time, well-formed, cosree, luswou, highly refractive crysis separated from the solution In 
the form of thick, short priams, colorless in the case of lanthanum end cerium, geen in the case of prassodymium, 
and in the case of neodymium, Separeted by vacuum Mitation from the mother the crpesls were 
quickly washed with a small ernount of cold wates and dried in el: unl they lost the ability to adhere to the 
wails of the Beanes, Dehydration of the compounds was then continued tn @ vacuum desiccator over calclum 
and phosphorus anhydride, but no loss in weight was ohserved, Howeves these compounds contained 
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water of crystallization, which was slowly,and with difficulty removed In a corstant temperature cabinet, 


Thus, the lanthanum and cerlurm conipounds fost their water of crystallization at 105-110°, the enslogous 
compound of praseodymium at 130-140", and neodymium at 155-160", 


The compounds obtained were stable in water, and easily crystallized well from the latter without @ change 
in thelr chemical composition. They had 8 definite melung point, which was 258-260° for the lanthanum cornplex, 
and 225-226", 292-293", and 297-298" for, respectively, the anslogous compounds of cerium, praseodymlum, 
and neodymium. The complex compounds of these elements melted with decomposition at the Indicated 
temperatures. 


Two-fold recrystallization of the compounds from water did not change their melting points. Yield of 
the compounds was close to theoretical, 98-99%, 


The complex compounds of lanthanum, certum, prascodymium-and neodymium with thiourea are highly 
soluble in cold and hot water, methy! alcohol, and aniline; they are wore difficultly soluble in ethyl alcohol, 
pytidine and quinoline; they are practically Insoluble in ether, acetone, benzene, toluene, xylene, dichlorcethane, 
chloroform, and tsoamy! and trobuty! alcohols. In addition to the organic solvents indicated above, these 
complexes are highly soluble in dilute and 80% acetic acid and in hydrochloric and sulfuric acids; concentrated 
niuic acid in the cold, or dilute acid with heating, decomposes them with the Uberation of nitrogen oxides, 


The preliminary epparently, practical interest centers In the study of the 
relative solubility of these compo... .. methyl and ethyl alcchols, pyridine, and quinoline. 


The analyses of the dehydrated complex compounds for content of rare-earth element, with the excepdoa 
of prateodymium, were carried out by precipitation as the oxalates and subsequent conversion to the oxides 
by calcination. The sulfur was determined as barlum sulfate, Nitrogen was determined by the Dumas metiod, 
and carbon and hydrogen by elemental organic analysts. 


Complex Lanthantum Salt 


Hydrated Salt 


Found %& 8,63, 8.61. LafC3H,O,), CS(NHg)g°2H30, Calculated %& 8.42, 


Anhydrous Salt 


Pound 4; La 35,39, 35.65; 8,02, 8.20; C 21.87, 21.34; H 3,27, 3,61; N 7.13, 7.04. La(CgH,O,),> 
Calculated % La 35,42; $ 8.17; C 21.44 H 3.33; N 7.14, 


lex Carctum Salt 
dlydrated Salt 
Found 8.02, 8.20, * 2110. Calculated HgO 8,29. 


Anhyvrous Salt H 


Found % Ce 35,5, 35,56; 8.40, 8.69, C 21.98, 21.25; H 3,10, 3.40; N 7,30, 7.50, 
Calculated %; Ce 35.66; § 6.14, C 21,33; H 3,30, N 7,12, 


Complex Praseodymium Salt 


Hydrated Salt 


e 


Found 4x 4,48, 4.40, Calculated 4.36, 


Anhydrous Salt 


Found S$ 8-30, 8,50; C 21.68, 21.73; H 3.04, 3.64; N 7.85, 7.60, -CS(NHg)g. Calculated %& 
$ 6,10; C 21,28; H 3,40; N 7.13, 
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compler Neodymium Salt 


Hydrated Salt 


Found Ge Hg? 4.34, 4,51. HO. Calculated Ge HO 4,33, 


Anh: drous Salt 


Found $< Nd 36.10, 36.28; S 8.05, 8.52; C 21.33, 21.48; H 3.84, 152; N 9.41, 7.60, 
Calculated Nd 36.22; 8.059; C 21.02; H 3.26, N 7.04, 


The anhydrous complex compounds of lanthaaum, cerlum, praseodymiwm, snd neodymium with Gdowes 
did not display say difference in behaviur prupertics in comparison with the corresponding crystalline 
hylrates, 


N.G, Cheenyshevsky Saratov State University Received June 4, 1956 
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ALKYLATION OF ISOPENTANE WITH PROPYLENE AND ISOBUTYLENE 
IN THE PRESENCE OF A SERIES OF PHOSPHORIC ACIDS 
CONTAINING FLUORINE AND BORON TRIFLUORIDE 


Academician A.V. and V.N. Andronov 


The catalytic alkylgtion of tsoparaffins with olefins hes now found widespread induststed use for the 
production of tsoparaffins — high octane components of motar fuel, 


Sulfuric acid, boron trifluoride, aluminum chloride and a number of compounds of boson trifluoride 
with tnorganic acids ate usually used as catalysts for this reaction, 


The authors of the present paper studied 
the alkylation of lsopentane with propylene and 
fsobutylene tn the presence of monofluorcphosphorie 
and difluorophasphoric acids saturated with boros 
trifluoride, For comparison, experiments were 
also carried out using as the catalyst orthonhos- 
phoric acid saturated with boron wiNucride, 


The experiment were carrted out In the 
apparatus shown In Figure 1, Olefin from con- 
taines A was fed at a rate of 2iiters/hour through 
the calcium chloride tube to reactor D, The 
olefin rate was measured with flow meter C, 
The unreacted gas passed through condenser E 
and trap F, and was collected In container Ay. 
Stirring of the isopentane, olefin, and catalyst 
Fig. 1. Apparatus ‘for the alkylation of lopentane with | was accomplished by means of a high-speed 
olefins. loop stirrer which entered the reactor through 6 

mercury seal, The lsopentane used tn the 
experiments had botling point of 27-28", density 0.6196 and an Index of refraction (nf}) 1.3562. 


In order to obtain an {dea of the activity of the various catalysts In the alkylation of isopentane with 
propylene, @ series of experiments was cartled out to determine the catalyst life of these catalysts, 


In each experiment was used 15 ml of catalyst, 64 g of Lsopentane, and 9 liters of propylene, which 
rorresponded to # molar retio of lsopentane to propylene of approximately 2:1. The experiinent were 
cactied out at room temperature, 


At the conclusion of an-experiment, the alkylation products were decanted from the catalyst, and the 
catalyst was used In the following experiment, 


In Figure 2 ts thown the stablilty of the activity of the catalysts in the alkylation of lsopentane with 
ptopylene, The most active of the catalysts studied In the slkylation of tsopentane with propylene was 
monofluorophcaphoric acid saturated with boron trifluoride, and the least active was orthophosphorie actd 
saturated with boron trifluoride, In fact, in the alkylation of lsopentane with propylene, in the case of 
mMonofluotophosphoric actd saturated with boron wifluoctde 35 volumes of alkylate were formed per volume 
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Fig. 2. Catatyst life for the sestcs of catalysu 
during the alkylation of isopentane with pro- 
pylene. 1) HpOgsr,, 

11) HgPO,F 
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Fig. 3. Fractional composition of the alkylates 
produced from isopentane and propylene with 
the varivus catalysts, See Figure 2 for notation, 


of fractions dolling below the boiling range of the lsooctane fraction, and. with an increase in catalyse activity. 
. For example, tn the experiments on the alkylation of {s0- 
pentane with propylene tn the presence of the most active of the catalysts studied — the molecular compound 
of monofluctrophorphoric acid with boron wifluoride — there was formed 16% of these fractions, In experiments 
cartied out under the same conditions in the presence of difluorophosphortc and orthophosphoric acids satureted 
with boron trifluoride, the fractions bolling below the isooctane boiling range amounted to 15.6 and 13.8%, 


the amount of these fractiéns Increased somewhay 


tespecuvely, 


Moreover, dusing the alkylation of tsopentane with propylene there were also formed troparaffinas with 
@ greatet number of carbon atoms than fsooctanes but with @ smaticr number of carbon étorns than fa 
lsopazaffins which would be formed as the result of polyalkylation, 


The formation of by-product troparaffinic fractions, along with the basic hydrocarbons, ts anptained by 
a certain degree of reversibility of the catalytic alkylation reaction, This ts confirmed by the observations 
of Birch and Durstan (1), who established that 2,3 dimethyibutane, 2,2,4-, 2,8,5-, and 9,3,2-trimet! hylpentanes, 
and 2,2,5-timethylhexane decompose on stirring with sulfuric acid at 16-20°, forming @ mixture of Lioparaffios 


of bizher and lowest moleculat welght, 


According to the data of Mamedallev and Naglev [2], 2,2,4- and 2,2,3-trimethy!penyipentenss arec! aved by 
lengdry stirring with 97% sulfuric acid at room temperature, forming, along with Uquid hydrocarbons, @ miixtm=re 
of lso- and normal butanes, On distillation of the tsooctane which had been treated with sulfuric acid, abcug 
20% of the product boiled up to 09° and ebout 30% bolled above 120°, f.e., outside the boiling ranges of the 


(sooctane fraction. 
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of catalyst, while in the case of actd 
and csthophospheric ac td saturated with boron 
15.8 and 9.2 volumes of alk; piste, 
formed, 


The alkylates were fracttoned tn a column with 
separstion effectiveness of 40 theoretical pistes, Distiliae: 
uon curves for the alkytates from tie alkyisdon of 
tane with propylene are shown In Figure S. As from 
the curves, with decrease In catalytic activity of die . 
catalyst, the alkyletes coutained sicniflesatly teas 
the fracdon boiling to 170°, For example, in the case 
of the alkylation of isopentane with propylene in the 
presence of osthophotphoric acid ssturated with borea 
tifuortde the tors! of the fractions boiling to 170° 
was 65.4%, while when monofluctophcephoric end 
acids saturated with boron tiifuaride . 
were used as the catalysts diese fractions totaled 77.9 
and 70.8%, respectively. 


The fractions of the alkytates bolling to 170° ad 
not contain unsaturated compounds, The latter were 
observed, in smal} amounts, only in the tesidues from 
the distillations of the alkylates. The content of un- 
saturated compounds {a the residues from the distilladona 
of the alkylates increased with a decrease ln catalyst 
activity. For example, the residue from the distillation 
of the alkylate obtained In the presence of monoflucro= 
phosphoric acid saturated with boron tifluccife hada 
bromine number of 0.8, while the bromine number of 
the residue from the distillstion of the alkylate obtained 


in the presence of orthophcephoric acid eatureted with 
boron trifluoride was 8, 


As seen from Figure 3, in the alkylation of iso- 
pentane with propylene there was formed a large amount 
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Thus, the formation of fractions containing hydrocerboms with a lower aumber of carbon ators than the 
expected product fs explained by the fact that isoparaffins with a branched carbon stom chata are Insullfictently 
stable nader catalytic alkylation conditions, As @ result, deatkyiation of the iscparsfiins formed wakes place, 
forming fsopareffins and olefins of different seuctue than those ued In the reaction ff the bond betweea earbea 
atoms meptured tn place other than that involved tn the formation of the escparafila. By & second elk ylation 
of this new Lecparaffin, hyczocarbous ere ebtatned with a higher molecular weight than that of Cie baste 
bet with 8 lower molecular welyhi then that of poiyalkylare. 


The octane fractiora of the lsopentane-propyiene elkyietes otained in of che catalysts atudied 
(the 95-110" and 110-120° fractions) were analyzed by Raman epectra, Is was established that the octsne 


fractions of the lsopentane-propyiene elkylates, independently of the catalyst wed, comisted of 6 mixture of 
tuce lsomers; 2,3-, 2,4-, and 2,5-dimediyihexanes, 


During the alkytation of isopentane with lsodutylene, the same regularities were observed as fn the alkyia- 
tien of lsopentane with propylene, Both during the alkylation of Isopentane with propyleneand dwing the athylae 
tion of lsopentane with fsobutylene, with a decrease in catalyst activity there was a decrease in alkyiate yield, 

an inceease tn bromine number, index of refraction, and density of the alkylate, end & decrease In tha content 
of the Iighter fractions boliing up to 170°, 


For example, in the alkylation of isopentane with la-butyiene tn the presence of monoflucrophosphoric 
acid saturated with boron trifluoride, at a molar tatio of lsopentane to isobutylene of 2:1, there was obtsined 
71.0% of a fractlon distilling up to 170°. When wing as the catalyst difluorophcsphoric or orthophorphoric 
actd saturated with boron trifluoride, 68.2% and 65.2%, respectively, of these fractions were obtained. 


The density and index of refraction of the same fractions of isopentane-tsobutylene alkytales obtained 
with the various catalysts differed Mttle from each othez, In addition, these constants were closes to ths constants 
of soparaffinic hydrocarbons boiling in these same ranges, Consequently, a3 in the case of the alkylation of 
isopentane with propylene, the alkylate fractions obtained by us conalsted of lsoparafitnic hydrocarbons. tn the 
tesldue from the distillation, along with lsoparaffinic hydrocarbons, there were unsaturated compounds, the 
amount of which increased with a decrease in catalyst activity, In general, the content of unsaturated compounds 
in the isopentane-isobutylene Blkylates.was greater than tn the isopentane -propylene alkylates, This ts explained 
by the fact that Isobutylene polymesizes considerably more readily than propylene, 


The formation of lsononanes can be expected from the alkylation of Iscpentane with tsobutylene. In 
aduition, there was obtained a large number of fractions boll{ng below the isononane boiling range and also 
botling sbove the {sononane boiling range but below the botling range of possible polyalkylation products, 
Consequently, in the case of the alkylation of fsopentane with propylene, the reaction is considerably more 
complex than it would be on the basis of the direct addition of fsobutylene to isopentane, 


The investigations of the authors of this article showed that monofluorophosphoric end difuorepho:phoric 


acids saturated with boron trifluoride are the most active of the catalysts studied for the alkylation cf lsoparaffinic 
and aromatic hydrocarbons with olefins. 
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TAUTOMERISM OF ACYLATED HETEROCYCLIC AMINES 
AND ITS STUDY BY MEANS OF SPECTRA 


Yu. N. Sheinker 
@resented by Acaderictan I, L. Kaanyant, December 4, 1956) 

In work cartied out previously [1-4], lt was thows with the aid of spectra that a- and y-amino 
derivatives of the N-hetercarcimatic series exist in the amino form, and not es imino compounds, 


‘ 


An explanation of this fact can be obtained by epplicetion of the law of acid-base equilibrium to the 
amine-imine tautomeric equilibeium, According to Uils, tke existence of heterocyclic amines in the emizo 
form ts considered es 8 comequence of the contiderably higher besicity of the extra-ring {mino nitrogen atom 
In comparison with the basicity of the ring nitrogen, which causes a stroig (practically complete) dliplscemiens 


of the equilibrium {n the ¢irectten cf the amino tautomeric form (4). 


From these concep it Lt ds pecsible fez a change tn theratiocs of tho basictties of the two 
nitrogen atoms responsible for the tautomerism — the ring aod the exua-ring nitegens ~ to have an effect on 
the amine-Imine tautomeric equilikkium, It would be expected that such a chengs could be reallzed by 
teplacement of one of the hydrogen ators of the emioo group by electronegative groups such a3 acid radicals, 
which could slgnificantly lower the basicity of, primarily, the extra-ting nitrogen directly bonded to lt, 


In work devoted to this aim, the acid radicals of acetic and benzoic acids, mono-, die, and trichloroacetic 
acids, trifluoroacetic acid, benzenesulfonic and sulfanttic acids, and nitric acid were used. Upon thels Intro- 


duction into the amino group of 2- amtno-pyridine and 2-aminothlazole, these radicals formed the corresponding 
amides, 


By a study of the infrared and uluaviolet spectra of tie indicated compounds {t was shown that depending 
on the “acidifying® (acidizing) power of the acid radicals (he value of this power can be measured by the 
svengths of the corresponding acids), the heterocyclic amices extst, Indeed, not only in the amino form, but 
also in the imino form or in e mixture of the two tautomeric fsomers, These data were obtained by a come 
parison of the spectra of the amides with the spectra of their methyl deriystives, which have a fixed emino 
or imino structure, and elso by a consideration of the indivicual characteristic bands in the infrared epectra. 


Thus, the infrared epectra (in the crystalline state) of acetylamino- and benzoytsminopyridine, and 
also those of the mono- d!- and trichloroscetylamincp yridines, had band characteristic of the amide carbonyl 
group at 1686-1718 cm™* (at the higher frequencies in the case of the chloroacetyl emides owing to the inductive 
effect of the electronegstve chlorine atoms). 


In contrast to the enalogos pytidine derivative, the spectrum ef S-trichloroacetylaminotulagole had ths 
carbonyl band at only 1616 cm, indicating the imino structure of dils compound In the solidezate, Indeed, 
for mode! compounds with a fixed imino structure 
pytidonimine, N-methyl-2-trichloroacetyliminethiazoline) the carbonyl band ts observed in tie regioa of 
1605-1630 cm”, being substandally shifted to the region of lower frequency owing to conjugadioa, 


The effect of the stronger acidizing radical of trichloroacetic acid is such that not only S-triflucroacetyle 
aminothlazole, but also -trifluctpacetylaminop yridine exis in the imino form in the crystalline state 
(carbonyl band at 1630-1640 cm , see Figure 1), 
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In solutions tn vartous solvents, such compounds 

aminopytidine have an earning steucote 
bands inthe ulteavictes at 735 and 278 my, es In 
t pyridine, which extits In heptane solution as an emide, 
A exists In end, particularly, In aqueous 
i to an apprectadle extent es the imide teutomerle form 


es weil as the amide (absorption band ag 915-525 my, : 
asin of N-methyi-2- 
CL ecetylpyridonimines), Inaleoholic and squeous solutions, 
2-trichloroacety!aminothiazole exists practically come 
pletely tn the tautormerte form (ultraviolet band 
at 305 my), and eppears as the amide caly in heptane 
solution; alcoholic end equcous solutions of 2-dichloros - 
acctylaminothiazole contafn rather large amounts of the: 
- COEF, amino form. the crystalline etate, 
4 amlnothiazole exists es an amide (lafared carbonyt . 


G6) 


The infzsred spectra of the riding 
and the sulfani!anudopyridine had bands 
oy of tie imino grouping 
Slii and did not exhibit the band characteristic of the : 
amino configuration N= SO) (1940 em 
and 650-850 cm In the ultraviolet regloa, 

a solutions of the:s compounds shothed ta 
model compounds of fixed imiso form; a all content: 
of tie amino forms eppesred tn elecholic solutions, 
and they predominated tn dloxene-heptane solutlons 
Figure 2), In contrast to the pyridine derivatives, 


Fig. 1. Infrared abscrpticn spectra of some 
2-acylamincpytidines and N-methy!-2- 
trichloroacetylpyridominine, 


TABLE 1 


Content of Amino Form (%&) 


Suuctural | | Alcohol | Aqueous 

formula olution [solution belution {solution 
COCH, ~10 |[~100 

COCHCI, ~100 ~100 


-~100 


SOiCHy 


* The previously noted [5] presence of several per cent of the imine tautomeric 
form tn an alcoholic solution of 2-acetylaminothtazole was not confirmed by 
tepeated measurements. 


| = 
‘ 7 ~NH-R NH, 99.4] 70.0] 13.5 

N SO.GH, 99 95.51] 43 if 
NOy 87.41 17 ~~ 
~100 |~100 | ~100° | 
—Ss | 69.6| 45 
\w? ~0 ~0 ~0 
~0 ~0 . 


retained the imino structure both in the crystalline state and In al} solvents. 


behaved cimilarly, while for which had an {mins structure 
fn the state and in aqueous end alccholic solutions (infrared bands et 1625 cm and 15 em 


end ultrsvioles bends st 273 my end 369 ty), nm apprectabls content of the aminotsutemeric form was 
observed in toluticn,. 


Tha By esing cedicsls differing tn actdizing power, ft would be postble to effect the position of the 
tautomeric equilibrium, obtaining derivatives having one ox the ether tautermerte structure, 


The quantitative data on the equilftrium content ef amino end {mino tautomeric forms of the ssa 
studied in various solvents, which were obtained fromm uttravicict epectra, are presented ta Tabie 


From these data It follows that shifting of the tautomeric 
equilibcium in the direction of the Imino form requires acyl - 

* groups of high acidizing power, the minimum value of tals 
acidizing power differing for the different hetezocyclic amines, 
Cenversica to the imino form proceeds more easily for 
dertvatives of 2-aminodhlazole than for derivatives of 
aminopyridine, ‘ 


. The solvents can be arranged in the following series 
with respect to thelr ability to shift the emine-imins equilibrium, 
each succeeding member of the serles peesessing Increased 
abllity to shift the equillbrium in the direction of the {mine 
tautomeric form: heptane, dioxane, aicctio), water, In the 
crystalline state, the substances exist tn one tautomeric 
form.- the amine form for compounds with acy! radicals of 
comparatively low or average acidizing power, and the 
imine form for compounds with radicals of high acidizing 
power, 


In our opinion, all of these data confirm the correctness 
of the epproach to amine-imine (and, in general, prototytic) 
tautomeric equilibria as equilldrla having acid-base nature, 


Fig. 2. Ultraviolet absorption spectra. This conclusion {s also confirmed by the foliowing quand 
1) 2-methylsulfonamidop yridine In alco- tative comparisons. If the negative Icgerithms of the tautomerte 
hol, 2) 2-sulfonamidopyridine in equilibrium constants, pX,, for the compounds investigated are 
heptane, 3) same In dioxane, 4) same plotted graphically, plotting the values for one solvent along 
in alcohol, 5) same tn water, 6) N- one axis and the values for & different solvent slong the other 
methyl -2-sulfonpyridonimine tn elco- axis, the points fall on @ straight line with & slope of 45° to the 
hol. abscissa (igure 3), and the line, therefore, fits the equation 
= + Const. 


As was first polnted out by M, I, Kabachnik (6) with reference to keto-enol equilibrium, the existence 
of such @ relationship between tautomeric equilibrium constants in two solvents tindicatescompliance of the 


tautomeric system Investigated with the Bronsted-Izmallov rule [7] end, consequently, with the relationstilps 
_ determining acid-base equilibria. 


Considesing that the constant term In the above equation of the straight line ts equal to Ooh . 
where oF, ~ Of, is the free energy change of the tautomeric system dusing the change from one solvent to 


another, this latter value is easily calculated, since we have from the graph the value of the constant for 
the entire series of compounds investigated (for a given pair of solvens), The values of OF, — AP, calculated 


from the expesimental data ere 2.1 kcal /mole for the change from dioxane to alcohol and 2 /mols for 
the change from sicchol to water, 


The investigation of the sulfamides of the thigzole series was cartied out jointly with 1. Ya. Postovsky 
and V.V, Kushkin; the results of this work will be repogted in detail in the futuse. 
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Fig. 3. Relation between pKg in two 
solvents: ethyl alcohol; % ~ 
dioxane (a) and water (b). 1)2- 
2) 
3) 
Zesulfantiamidopytidine, 4) 2- 
sulfonamidopyzidine, §) 2-nita- 
minopytidine, 6) 
aminothiszole, 7) 2-dichloroacetyi- 
amincp ride. 


8. Ordrhonikidze All-Union Chemical- 
Pharmaceutical Research Institute 


EXPERIMENTAL 


The tnfrered absorption specisa were taken with an IXS-11 
infrared epectremeter, ard the vliavicict recta 
spectrophctometer, The acylates heterocyvile amines were. 
prepared by resctica ef the chictdcs of the 
with 2-amincpyridine and B-amiredhiazcle in pyridine of 


benzene mecium. In this manner were prepared: 


aminopyzidine, <110° (deccmn.}, found 
Cl 20.6% mp. €9-79,5°, femd 
Cl 34.6%, catculated Cl 34.6%, 
mp. 180-160.5°, found Cl 33.9%, eslculated Ct 33.0%; 
chioroacetyi2minopytidine, m.p. 84-£5°, found Cl 44.4%, 
calculated Cl 44.57%; 
194-195°, found Ch 43.57, calcutsted Ch 49.47, 
dine, m.p. 171°; 176% By tic rcaction 
of the amide with tis anhydride were prepéred 
mo. E2-101", found: C 
H 2.40%, calculated: C 44.2%, H 2.657%, , 
thiazole, m.p, 155157, found: C 20.32%, H 1.59%, efleultted: 
30.60%, H 1.85% mp, 73°. By 
ticn ef the cosrerpending araines with concentsted acid by 
the method cf Chichibstin and Rascrenov (2) were eynthestzsd 
€180° (deccmp.). 
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@-LACTONES. PREPARATION OF ACYLATED BUTYROLACTONES 
FROM y-BROMO-6-KETO ACIDS 


N.P. Shusherina, M. Yu. Lurye and R, Ya. Levine 
(Presented by Academician A. N, Nesmeyanov, December, 1956) 


tn our previous communications (1, 2), we desctibed.a method for the preparation of y -bromo- &-keto 
acids by the rcaction of dibromides of unsaturated 8-lactones with water; for example (2} 


In the present work, it was shown that the y -bromo-4-keto acids prepared by such a method ere converted 
by the action of a saturated aqueous solution of sodium acetate In the cold to butyrolactones acylated in the S- 
position, 


Using this reaction, in good ylelds, from the corresponding y -tromoe S-keto acids 
acetylbutyrolactone {(1), yleld 60.5%], ((II), 49.2%), the lactone of 2- 
hydsox y-2-( 6 -carboxyethyl kyclopentenone [(IlI), 61.57}, the lactons of 2-hydraxy-2-(g -carboxyethy!) 
cyclohexanone [(IV), 56%}, and the lactone of 2-hydrax y-2-(g ((V), 71%} 


Br 
H3e 


0° 
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Thus, this reaction can serve as @ method for the preparation of acylated butyralactones. 


In sil cases except the first, it might be assumed that, in addition to the butyrolactones, the 
isomeric six-membered lactones (VU) would be formed if the reaction proceeds the intermediate 
formation of unsaturated keto acids (VI), for exampie: 


However, this assumption falls, since it was shown by experiment that a tpecially synthesized unsaturated 
keto acid VI ts not changed by the action of a saturated equeous solution of sodium ecetate, Substances I> V 


were not icatable by aqueous of alcoholic solutions of alkali, did not decolorize bromine water, and gave 
semicarbazones (except V). 


The presence of a lactone ring In the prepared compounds was confirmed by a of one ef them 
(V) to the corresponding y -hydraxy acid. By neating lactone V with an equeous solution of sodium hydrccids 
and subsequent acidification, we were able to ottain the hydroxy acid (VLI), end from It, by the action of 
azomethane, we obtained the methyl! ester (LX); the hydroxy acid VII was readily converted to the Iectone 


V by heating, and the methyl ester of the hydsoxy acid, IX, was converted to the lactone V by oe o by 
the action of HBr in the cold. 


This reaction and also the analytical data confirm the structure of substances I= V as acylated butyroe 
lactones. 


EXPERIMENTAL 


b-Acetyibutyrolactone (1), 10 g of crystalline y ~bromo-y -acetylbutytic acid (m.p, $9-41° (23), 19.8 g 
Of sodium scetate, arid 20 mi of water were stirred in the cold for 2 hours; the reaction mixture was hen 
extracted with ether (In.an extractor) for 10-hours. The S-acetyibutyrolactone (3.7 g, 60.5% yicld) hed the 


ww 
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{cllowing constanb: bap. 143-1447 at'18-17 mm, 1.4630, 1 ‘Calculated for 
39.37. 


Pound $ $6.20, $8.15; H 6.67, 6.37. C4H,0,. Calculated C $6.26; HB.20. 
Sernicarbazone m.p. 180-181° (fom eltcohol). { 
Found 22.69, 22.63. Calculated N 22.€9. 


Literarure data (3_ 113-116" et 10 mm, diy 1.4657, 3.222, MR, 28.78, Semicarbazone MO. 


5-Methy!-5-acetyltutyrotactone (UI) was prepared by the same route from y -bromo-y -acetyivsleric actd 
(mp. 79-50" [1p in 49.2% yield: bp. 119° at 13 mm, ch’ 1.4600, @* 1.1340, MRp 34.34. Calculated for 
M2p 33.99. 


Found % C 59.19, 59.37; H 7.18, 7.34. Pe Calculated Gx C 59.17; H 7.08. 
$-micarbazone m.p. 180.5° (from alcahol). 


Found $c N 21.10, 20.83 .C,H,,0O,N,. Calculated N 21.09. 


Literature data [4] (prepared by hydration of y -ethyny!-y Semcaiae: b.p. 118-116 at 10 mm; 
semicarbazone mp. 182-183", 


Lactone of 2-hydroxy-2-(" -carbex yethyl (ill). B of 2- 
cyclopentanone (m.p. $5-56° (2), 7g of sodinm acetate, and 8 ml of water were vigorously stirred for two 
hours; the resulting crystals@T ketolactone (IIT) were {(ttered, washed with water, and dried (1.6 g: 61.5% 
yield}: mp. 105-106° (from ether). 


Found C 62.35, 62.23; H 6.50, 6.44 Calculated $x C 62.36; H 6.54. 
Semicarbazone m.p. 230° (with Jecomposttiqn, from alcohol). 
Found N 19.99, 19.57- Calculated $% N 19.89. 


The lactone of Q-hytroxy-2- -(4 -carboxyethyl eycichexanone (IV) was obtained in 56% yleld by the 
same method as lactone (ill) (sera 2-bromo-2-(g (m.p. 10-71"); b.p. 143-149 
at 7mm, mop, 54-55° (from ether). 


Found C 64.36, 64.34; H 7.38, ‘Calculated C 64.26; H 7.14. 
Semicarbarone m.p. 200° (from alcobol, with decompezition). 
Found N 18.67, 18.85 Calculated N 18.66. 


Literature data (9) (prepared, tcgether with other reaction products, by the oxidation of o-methylenecyclo- 
hexanone dimer with subsequent treatment with alkali): 60°, semicarbazone mp. 196° (with decomposition), 


Lectene of 2-hycroxy-3-(5 (V). 6 g of 2-tsomo-2-(g 


(mp. 143°), 12 g cf sodium acetsts, 165 mi of water, end 3 ml of alcohol were stirred for an hour and Icft overnight, 
After evaporatica of the elcchol, the crystals, which had precipitated fem the scludion on standing, were washed 
with water end dried. Ths resulting ketolactone V melsed at 100-101° (from gzsolins). 


Found % C 72.54, 72.65; H 6.74, Calculated Sq C 72.22; 16.85. 
We were unable to prepare the sesticarbazone of ketolactone V under the esual conditions, 


2-Hydrox y-2-( (VMI), 4g of ketolactone V was dissolved in.10 ml of 
10% aqueous solution sodium with mild heating. Concentrated hytzochloric acid was added 
drepwise, with cooling, to this solution, The precipitated hydrox yketo acid VIII (3.9 g), after washing with 


distilled wster and drying in a vacaum desiccator, melted at 116-117° (the melting point was determined 
in an apparatus preliminarily heated to 110°, 


ound C 72.54, 72.65; H 8.74, Calculated 72.22; H 5.55, 


{ 
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Ducing crystallization from steobol, hydroxy acid VIII was partially coaverted, and completely converted 
on heating, to tre original ketclactone V (nip. 100°) 


(TX), To 3.8 (0.017 mcte) of bytroxy ectd VIR wee 
adied 33 mi of sn ethereal solution ccataining ~0,03 mele ef diz 
the ethe 


zonethane, compicticna ef tie teaction 
t was evaporated ender vacuum, end the remalniog ofl crytaliized o long mp. 2-42, 5° 
During en attempt to recrysesilize this hydroxy acid ester from alcohol, acd efso during distillation cr on teste 


meat with concentrates hydrobromic in he cold, ketabztyrolectone V (mp. 100°) was formed ip quane 
Utative yield. 


Attemot at the lactontzauon of the untatwated keto ectd (VE). Unsetursted keto acid TE; 
sermicarbazone mp. 80-181") was weated wich an equeow solution of sodium ecetate under the exme condi tions 
as he 2-brommo-2-(g -carbox yethyt xk yclohexanone, The os{ginal acid, VI, mp. of 15°, wea recovered 


from the reaction mixture, S:micarbazoue mip. 180°; mixture of this semicarbezone with that of tho aizizal 
umaturated ketu acid melted without depression of ths melting pvint. 


MLV. Lomonasow Moscow State University 


Recelved November 23, 1958 
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The synthesis and wansformauuns of this unsaturated 8 - -hetoacid will be described in a subsequent 
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CERTAIN CHEMICAL PECULIARITIES OF 
$,6-DICHLORO DERIVATIVES OF PYRIDINE 


L.N. Yakhontov 
@resented by Academician 1. N. Nazarov, December 17, 1856) 


In the course of the synthesis of derivatives of quinuclidine, a series of 3$,4-disubstituted pyridines (1) 
and thels 2,6-dichloro derivatives (0) have been obtained [1, 2) 


a 


R ~ —C,H,; — CH CH,; — CH, —CH,Cl; 
Ci 


CHACH,CH, — CH,CH,OCII,;— CH,CH,OOCCH,; 


" — COOH; — COOC,H,; — COCH, 


A comparison of the properties of these compounts exposed certatn chemical pecullaritics ef the 
dichicro derivauves of pyridine; 0, which are annected with he a, a’ -halogen etoms, 0, in contrast to 
the corresponding dehalogenated compounds, I, do not formn ealts with mineral acids, and do not form picrates, 


These data are in agreement with the absence from. the Uterature of reports of bydzechlorides picrates 
of any 2,8-dihalo derivatives of pyridine end with dhs statement of Scll end Dooton (3) that’2,6-dichicropyridias 
does not form a chicroplatinate nor a complex salt with mercuric chloride, 


~ should be noted tiat elimination of enly one a-chicro substitrent feads to a compound which forms a 
hydrochloride. We synthesized 2-chloro-4-methyl-3-6 -chloroeth yl}-pyridine [2], and prepared its hydrochloride 
(I1l) by weatment of an ethereal solution of the base with an alcottollc solytion of hydrogen chloride, 


CH, 
4 CH,CH,Cl 
Cl ; 


HCl 


The hydrochloride Is stable in air, but ls readily hydrolyzed by water, 


Another pecullarity of 2,6-dichloro derivatives of pyridine ts that they do not form quaternary salts cn 
refluxing for many hours in acetone solution with methyl fodide. At the same time, the corresponding dehalogen- 
ated compound, I, readily forms the methlodide with methyl lodide in acetone et room temperature, These 
data are in agreement with the report of Wibaut (4), who was able to prepare the methiodide of 2,6-dibromo- 
pyridine in very small yield only by casrying out the reaction in a tube at 100° for 6 hours. 


| CH, CH, 
it 
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A third pecullafity of 2,6-dichloro derivatives of M, ts thelr to form N-cxides, 

in the cate of the dchslogenated compounds, I, ere resdily prepared by heating with by<rogen penne {a 

glacial. acetic acid, 


The difficulty in the formation of salts, quaternaey N-oxides, end complex compouics at the 
nitrogen of 2,6-dichloro derivatives of pyridine coild be due bows to steric end to mvpptession 
of the basic properties of the nitrogen by decrease fn ths electron dermity et the nitresen atom owing teths . 
a, -halogen atoms, which are electron acceptors. In support of the letter factor also the lack of tee 
ectivity of the methyt group In the 4-position of 2,6-dichloro derivatives of pyridine, n. 


Exempics. A. II, in contrast to I, do not enter into condensation reactions with compounds 
(aldehydes, mesaxalic ester), 


B. Il is unchanged on heating with selenium dioxide undes varlous condidoas, white ihe y ~methyi 
group of I isreadily oxidized by selenium dlaxide. Por example, g 
on heating with selenium dioxide in bolling toluene for 25 minutes, forms 3-(g -acetox yethyl)}-lsculcotinie 
acid, M.p. 155-156" (frem toluene). 


Found C 517.13, 57.29; H 5.61; 5.64; 6.30. Calculated Gx C 67.41; H 5.26; N 6.69 


2 ,6-Dichloro-3-(4 -scetoxycth (0, Re CH; OOCCH;,) ts quantitatively recovered 
unchanged efter heating wich clowids in boiling toluenzs for 3 hours, and elso after heating without 
solvent for hour at 160-165" o at 250° for 10 miaures, 


N, A. Preobrazhensky end A. A. Baer (6) indicated that on heating 4-methyinicotinic acid with ea 
excess of thionyl chloride, tn addition to the formation of the acid chiccide, there was eubstitctica of 
hydrogen atoms tn the y -methy! group by chlorine stoms. Eaponificstion of the resulting ecid chiocide of 
4-tich'orometh yInicotinic acid led to cinchomeroric ecid, 


It would be expected that in the corresponding 2,6-dichloro-¢-msthyinicotialc acid the hydrogen atoms 
in the y -methyl group would be less active. 


Actually, on heating our preparation of 2,6-dichloro-4-methyinicotinic ecid (I, R = -COOH) with ea 
excess of thionyl chloride under the same condittons, we obtained enly the acid chiccida of 
methyinicotinic acid, which, ca heatliig with etsolute alcchel, was ccaverted Into the ethyl ezter of 
dichloro-4-methyinicotinic acid with a yleld of 91% of the original ecid. 


Finally, it should be noted that, eccording to IMterature dats (6), the Rosenmund reaction ts applicable 
only to the acid chloride of 2,6- (or 2,4-) dichloropyridinecarboxylic acid, The corresponding ee 
acids of the Kass sesies ace not converted to aldehydes by dis route, 
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THE STRONG TRANS EFFECT OF THE HYDROXO GROUP IN 
THE DIOXIMINES OF TRIVALENT COBALT 


A. V. Ablow and N, M, Semaus 
(Presented by Academician I, 1, Chesnyaev, December 25, 1956) 


In studying the acid properties of nitro-bis-dime® 71glyoximoa quocodaR (Col, it was found 
that this compound & completely soluble In concentrate alkali, forming a dark-rd solution, Tho slight hsat- 
tag of this solution gives a coptous red-brown crystalline precipitate having the compositioa KCo DH),(OH),)° 
The sodiym salt was abo obtained In the seme manner, 


The reacticn of nitric with these salt ylelds the red altrate, in 
uch connection the formaticn cf intermediate product quite catinct; 


4 


K [Co (DE); (Of) + HNO, = [CoH,O (DE, OH] + KNO,: 
(DH); (OH)} + HNO, = [Co (H,0); (DH),} 


Carefully reacting a solution of potsesium carbonate wih chloro-bis-dimethy!glyoxtmoaquecobdalt, wo were une 
able to obtata the Intermediste compocnd— in pure estate, If the 


chloroa wo compound b covered with alkali, then the dlhydroxo compound ly odtalnsd, This method ls ths more 
convenient for obtsining the Lsttr, 


Below we give the conductivity end pH valucs for three of the above described compounds at 8 tolution 
Slution of 1000 Kter/mole; 


chm 
32.8 (048 
9.7 7.02 
JNO, 217.9 5.79 


Potasitan mocodaltate (I11) gives an alkaline reaction due to hydrolysis in 
accord with the equetionm 


{Co DH) + HO = + OH- 


The disquo-bis-dimethyiglyoximocobalt (11) fon dissociates in accord with the equation; 


designates the dimethyigiyoxime moiety CH, C - 


NOH NO 
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\ 
Hydroxo-bls- dime It (111) is an ampholy 


{Col <2 + He. 
[Col B11 + H? 


The heating of the ltate (It) with concentreeed hydrochloarte acté- 


gives the dichloro-bis-dimethylg] yoximocobaltic acid K{Ce(DINC1) of characteristic green colar, This reaction 
causes assigning the same configuration to all of the cobalt dloximines of the (Co(DiN,X,) type, 


Using tho rules of the traos effect 23 8 basis, one of us expremed tho theory rat In contpounds of the 
Dt, X,) type the two X radicals are found in the trans positicn to each Further studies confirraed 
this spadal configuration of the wivaleat cobalt dlozimines[2,3), Recently, oa the bails of studying the , 
red spectra, Nakshara (4) also obtained proof of the tranaconfiguration 


Proceeding from the rules of the trans effect es postulated by L 1, Chemyaev (5}, ths transition of alto- 
bis-dime thy lglyox limos quocobelt into potassium dihydroxo-bis-dimethyl gl yoximocobaltate (IL) can bs explains 
ed tn the followingymanner, When reacted with alkall tho nitroaquo compound migrates fit dnto te altohye . 
droxo-bis- dimethyl gl yoxtmocobaluts (11) Tho hydroxo,group, which tiould be ase 


signed @ stronger trans effect than for the nitro group, weakens the bond between the NO, group and the cobalt ' 


atom, end the NO, group Is replaced by the hydmxo group. 


The intermediate product K{Co(DH},( H,O was the dction pf potassium cerbenate | 


on the nitroaquo compound, 


The theory that in trivalent cobalt dioximines the hydroxo group shows a strong trans effect was evolved 
to explain the action of alkali on the anion of di-tsothiocyano-bis-dime thylglyoximocobalde scid [2], but et 


the time lacked sufficlent besit, By treating with alkali, we were 


now able to lpolate the dihydroxo-bls- dimethyl gt (11) la crystalline forin, 


sidering that the thlocyano group shows a greater trans sctivity than does the nitro grove[3}, thesa groups 
should be arranged in the following order of increasing trans activity tn tie dioximincs of trivalent cobsly 


OH > NCS > NO, 


EXPERIMENTAL 


Action of elkstics on a) Two grams of 
mos quocobalt (6) wes ‘covered with 10 ml of 50% potastiun hydroxide eciution, On dstkersd (olution | 
was formed, Heating of tro later @ coplow crystalline precipitste, The ebtained was tansfesred to 


glass filter, washed with efther eteolete elcotiol of butsnol, and at the end with edicr, The filtrate efurtome 


; 


Aa a result, the hydroxo group shows @ greater trans ectivity than elthet the or Alto group, Cone" | 


{Co (DH), Ch). 
. 
e 
a 
| 
= ‘ 
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standing, depucited a new portion of the product, The tots? yichi 75% of theory, Under tho mtcroscers the 


edstance eppearcd a9 dark-red slender quidangulac prism, Extremely soluble ta weter, aad la 
lute alcohol end etter, 


A solution of the potersium eait of the dfhydroxo ecid forms precipitates with Rb, Cs, Hey’, 
For anstysis the eubttance was dried between Milter paper, The lose tn wag at 105° wes 13.502, 


Found % Co 14,08, 14,07; N 12,64, 12.31, 3,0, Calculad Co 1417, 
13,48; 13,00, 


The potsetum eslt of acid wes obtained by Cambdi [7] by 
treating a suspension of (CoDHY DH in ebsolute elcohol with 3 motes of potasstuin elcoholate, 


b) The ection of socium hydroxide en the altrozquo compound geve sodium dihycoxo-bls-dimethylglyo- 
rimocobaltate (ID) NAC 61,0, which wes obtaincd as browa-red crystalline precipitate, Under 


the microscope It appeared es elongated quadrangular plates, The yleld was 65h of Cicory, Ths loc ta 
at 195° was 20,07%, 


‘ 


Found % Co 13,39, 13,21; N 12,82, Ns(Co{DiN{ Og)’ 61,0, Calculated % Co 12,51; N 12,84; 
HO 20,65, 


The substance, after drying at 105°, avidly ebsor:bed mo!sture from the alr, 


(TIT) nitrate DH) JNO, Ths sat of the dihydroxo actd 
was dissolved in tie minimum emount of cold water, Concentrated aluls acld was added in drops to thls unt] 
® precipitate began to form, With cooling the amicunt of tho latter Increased, Ths sudstance was transferred to 


4 glass Glter, wathed with absolute alcohol, and then with ether, Extremely soluble in water, Yield 602 of 
theory, 


Found %; Co 14,94, 15,06; N 18,08, (Co(f,0),(DH),JNO,, Calculated % Co 15,23; N 18,03, 


The genfle heating of the dlaqro nitrate with excess potssslum thiocyanate, followed by acidification cf 
the solution, gave dilsothiocyano-bis-dimethylglyoxtinocobaltic acid tn nearly quantitative ylold, Heating with 
hydrogen halide acids leads to green dihalo acids, for examp!s H[Co{DH),C};). 


Hy droxo-bis-dimethyl plyoxtmoaquocobelt (Coft,0*( H.0, quae 
cobalt(8} was covered with cold concentrated solution of either potash or soda end the mixture sired until 
the color changed from @ grayich-green to Ucht-ycllow, The substance wes filtered Crough 6 
glass filter, washed with a litde cold water, alcchol, end at the end with ether, Yield 65% of theory, Under 


the microscope the hydroxcaquo compound appeared es stout quadrangzsler prisms, reacily soluble tn water end 
sicohol, 


Pound Co 17,19, 17,28; N 16,88, (CoH, XDH),(OM))* Calculated %q Co 17,22) N 1628, 


Hy droxo-bis-di me thy igi yoximoaquocobalt is transformed Into the dihydroxo compound when reacted with 
one equivalent of alkali, and gives the dichloro acid when reacted with concentrated hydrcchiorte ecld, 


When treated in the cold with alkali tua chloro-bis-dimethylglyoximos quecobalt yields the dihydroxo 


compound, which deposits In # crystalline state after some stzading, This ts very convenient method for ob-* 
wining the compound, 


wes sifted into @ concentrated wolation of carbonste end tre 
mixture stirred until the brown!sh-red of tha the solld phase bad changod complstcly to yellow, Ths 
substance wae transferred to a filter, rapidly washed with cold wetez, tien with alcohol, end finally with ether, 
Yield 10% of theory, Under the microscope the potsslum kate (111) 
eppeered as finely crystalline yellow powder, 


| 


« 


When treated with water the nitrosqio compound was transformed Into 
belt, and when reacted with alkall gave the dihydroxo canpound, 


The alr-dried substance wes taken for analysis, The lows ta weight at 105° was 4.65%, 


Found Co 14,37, 14,46, 14,33; N 17,46, HO, Calculated Co 14,40 
N 17,12; H,O 4,39, 


Sodium frothtocyanohy draxo-bis-dime thy (IM) 
was coveted at toom tempersturo wit) 50% todlum solution, 
On stirring, the fsothioc yenoaquo compound was completely transformed to chestnut-red crystelline substance, 
which was rapidly suction-filtcred on 6 glacs (tlter, washed with steolute alcohol, end then wiG ether, Under 
the microscope It appeared 23 stout quadrangular prisms, Yield 60% of theory, 


When treated with waters, the trothlocyenohydroxo compound is converted to the yellow fizely crystalline 
tsothioc yano-ble-dimethylgtyoximos quocodalt, 


When kept in the alr for a long ume the tsothlocyanchydroxo-bis-dimethylglyoximocobalt, under the Las 
fluence of motsture and carbon dioxide, is slso transformned Into the lsothlocyandaquo compound, 


The substance tat fer enatysts had been dried between filter paper, 


Found Co 32,20, 12,85, Na(Co(C Calculsted Co 
13,35; CNS 13,16, 


When heated with concentrated sodium hydroxide tolution,ths 
cobalt ylelds sodium ts (111), 


Found % Co 13,40; H 12,90, Ne{Co(CgthN,O,)(OlH),)* 5H,0, Calculated % Co 13,51: N 12,84 
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STUDY OF THE REACTION OF THE ESTERS OF PHOSPHOROUS ACID 
WITH ALKYL HALIDES BY PHYSICOCHEMICAL ANALYSIS METHODS 


Academician B, A, Arbusov and A, V, Fushenkova 


The mechanism of the A, E, Arbuzuv rearrangement has been a topic of study for some 59 yearn now, 
A, E, Arbuzow (1) believes that the rearrangement of phosphites Into the esters of alkylphosphinic acids ls @ two- 
stage process with the formation of a phosphonium type of Intermediate product, Such a mechanism was dem- 
onstrated by him experimentally for the aromatic phosphitea, The opinion exists that for the aliphatic phos- 
phites the intermediate products show immediate spontancous decomposition end are inc2psdle of existence as 
such {2} However, some investigator belicve that the rearrangement can proceed by # different mechanism, 
without the formation cf the addition product of the alky! halide to the phosphite 13, 4), 


In this communicatic: ‘2 data obtained by us in studying the A, E, Arbuzov rearrangement by 
physicochemical analysis methods, Our matin study problem was to elucidate the possibility of using the ecm- 
position=-property diagram to answer the question of whether an Intermediate product ts formed tn the rearrangs- 
ment of the aliphatic phosphites to the ester of phosphinic acids, 


Puc. 2 
“Pig, 


We studied the reaction of triethy! phosphite with ethy! lodide, ethy! bromida and dibromodiethy! ether, 
and also the reaction of wipheny! phosphite with methyl! and ethy! icdide, at various temperatures, The con- 
tant were measzed et 20° after previous heating of the mixturcs in thermostats at given tempersturea, A tom- 
perature of 20° was chosen for the measurements becaue of the volatility of one of the components, 


| | | 
Fig. 1, 
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In Figs, t and 2 we have plotted on the composition- property the measured values of the cone 
stants for the wicthy! phosphite-ethyl lodide system) at tesipcratures, 


The curves for the Index of refraction and the density are conrcy & the composition and 
ty do not reflect chemical reaction, 


The lsothenns of the specific clectroconductivity a, of the natural compression end espeetalt” 
of the viscosity 9, suggest interaction of the nee 2 A shift of the maximum to the left with elsvation of 
the wmperature ts characteristic for the tsotherms of 9, Onsturel and x. 

The enumereted tsotherms, reflecting chemical reaction between the components, do not male er a 
sible to decide whether an Intermediate product Is formed or whethes it f absent, Evidently, the compciition © 


of the system Is @ comptex ons, and the Intermediate product, In the caso of ig formation, partislly decamport 
into alkyl halide and the ester of the phosphinic actd, 


The results of studying the system triethyl phosphite- ether represent 
interest, According to the data of V, S, Abramov [5}, for this system the reaction of the components begins 


even at roo temperature and leads to the formation of the intermediate product of the A, E, Arbuzov mamange- © 
ment, 


At follows from Figs, 3 and 4, the isotherms of nf} and the same az in the caso of ethy] lodide, ere 


convex to the co. devistton from additivity ls consiccrably lesa, espectally for the 
density fsotherm, the cu. 


The deviations of the specific volume bothenn Av tpecific and of the natural compzesiicn Lrotherm 
Celculated in accord with Byron, distinctly suggest that the maximum compression {a obtained fs 
characterized by a peculiar shape, Its S-thepe with the presence of a singular infection point ata 1:2 ratio 
of the componcns suggests not only interaction of the components, but also aszocistion of one of the compor 
nents, evidenily of the a,A-dibromodiethy! ether, 


Fig. 3. 


Asa result, the date shuwn on the composition- property dlagrain for the system triethy! phosphite-a@ 
dibromodiethyl ether support the presence of cheinical reaction in the system, and tn conjunction with tie data 
obtained by V, S, Abramov (5), tcrve as proof that en Intermediate addition product ls formed tn the process of 
teatranging triethyl phosphite to the ester of ethoxybromophosphinte acid, 


That the obtained composition- property diagrams reflect tn the given case the formation of an Interne die 
ate product, and uot of the final rearrangement product, is indicated by the viscosity deviation of the system 


fom advitivity, which foe the equimolar mixture {s twice the deviation for the 1; 1 phosphits-ethyl 
todids mixture after beating at 50°, 


LITERATURE CITED 
{1} A, Arbuzov, *The Structure of Phorpherow Acid end tty Derivatives,* Dissertation (1905), 
{2} G, M, Kosolapoff, Orgencphosphorus Componnds, Y., 1950, p, 122, 
13) P, Rumpf, Bull, Soc, Chim, No, 3-4, 128C (1951), 
[4} B, & Smith and A, Burges, J, Am, Chem, Soc,, 75, 5893 (1952), 
(5} V. S. Abremov and G, Karp, Proc, Acad, Sci, USSR, 91, 1095 (1953); I, Gen, Chem., 24 1823 (1954), 


The V, I, Ulyanov-Leaoin 
State University (Kezan) 


Received December 18, 1956 


‘ 
383 


STACILITY OF CALCIUM HY DROSULFOALUMINATE IN PORTLAND 


Member Acad. Sci. USSR P. P. Budaoikov aad V.S&. Gorsthkov 


A ubstantis! amount of hydrosulfos Al,O,* 3C4SO,° 3214,0- is formed In ths” 
hardening of Portland cement, in view of which the question as to the stability of thls co: npound in the hardened 
Portland cement rock great Importance, For the moat part tha existing stutics discus ques- 
fon of the stability of the calciurn bydrosulfoaluninate monocrystals obtained In the resctica of water solutions 
of calcium aluminates end gypsum, 


In study{ng the cryttals of under the microscope, O, M, Artreeva and L, Ya, 


Lopatnikove [1] decomposed ordinary conditions into gypsum, eluntaum 
hydroxide and caici.. . efestchun monocrystals, 
tained by the same method, 23 « Cuange in tee tmpersture moisture content of ths atmes- 
phere, T. Yu, (2) came to the conclusion that this compound ts stable only In an atmosphere satura- 
ted water vapor Bt 15° 


Making 8 microscopic study of the calcium hydrosulfostuminate preparations obtained by dissolving Port- 


land cement in water end subsequently precipitating tho calcium alumtnates with C2SO, solution, Koyoaag! 
3] states that fins crystals are formed in the couse of 2-3 months, Hers supplementary chemical enstysis 
methods revested that the calcium hydrosulfcaluminate, formed in the cement rock, migrates with time {ato 
4Ca0° Al,O,°nH,O end gypsum, 


In studying the hydraticon products of Portland cement, containing from 2,75 to 16,6% SQ, tn Gis tem- 


perature Interval from 25 100°, Kalousek end Acams, by the method of differential Germal analysis, reveal- 


ed tho formation of S211,0, end supposedly of the analogous eatclum sulfofersite, which 
then migrates tito the corresponding solld solutions of tess product, being trensforraed Into phase 
X, In thelr opinion, phase X constitutes a gelatinous mass, containing ell of the oxi¢s component of th cs- 
ment, From the presented survey {t ts obvious that the data on tha question of ths ecsbility of calclum hydro- 


sulfostuminate, both thst synthesized from solutions and that formed directly in hydreted cement, are contra- 
dictory and extremely Umited, 


In our study wo wed the chemical end x-ray methods to determirm the stability of eslctum hydrosulfo- 
aluminate, Various methods were used to prepare the calcium hydresulfoatuminate; 1) ths ues of water to mix 
the Portland cement, containing @ larcs amount of 2) ths uss of water to mix mixturs of finely dis- 


persed 3C 20° Al,O, and CaSO,° 0, S140, taken fn stoichiometric amounts to yleld a calelum hydroyulfosluminate 


with @ high tulfats content end 3) by the method of reacting water solutions of $CaO° A},0, end C#SO,° 0,611,0, 


By the first method, to obtain calcium hydrosulfoaluminate ih a hardened cement mass, we tock tro 
Portland clinier of different mineralogical composition clinkers from the *Gisat® plent, contsining 
CS, 30% CyS, 12% CAF, and clinkers from the "October® plont, contsining 45% C,S, 27% C;5,6% 
C,AP, The cements were prepared by grinding the clinkers to a specific exface of 6100 
and then adding finely pulverized gypsum half-hydrate tn en amount equal to 6,.35%50, From tis obteined 


cements we prepared epsctmens of a plastic comistency and composition 1;0 with a water-cement stlo equal 
to 0,52, 


| 
| 
f 
a 
| 
| 
| 
385 


By the second method the tricalcium aluminate and gypsiau half-hydrate, ground to specific surface of 
about 7000 sq, cm./g, were mixed in stolchiemnetric propostiona, mixed with 70% water, and from the obuloed | 
Inixtures spectinet:s were prepared, which after a day were shaped and placed In a medium tanuated with water 
vapors at 20-22%, where they were kept for IR monthy The amount of unreacted gypsum tn the cemont tock 
and In the artificially prepared calcium hydrosulfoaluminate was pertodieally detetuiined by tre method of 
dissolving it in satucated Hine-water solution, The results of the determinations aro given in Tadic 1, 


1 


Kinctics for the Reaction of Gypeun With *Glant® end °Octader® Cements and Tri- 
calcium Afuminate 


Amount of unbound (free) gypsum, in % SO, 


iat 


free SOy, 
% 


6 2 | 3 i2 
day) days | days months months} mon 


Starun 
amoun 


"Giant™ cement + 


3 


0.33 
0.99 
- 32 | 2.84 


- Bom the dss in Table 1 it can be seen that free gypsum Is absent in the °Clant® coment after a 28-day 
hydration period, white the *October® cement completely asstinilates the gypsum only after 3 montis, the forma 
tion of calcium hydrosulfostuminate from tricalcium aluminate and half-hydrate ts also practically 
ended only after 3 months, 


To the stability of calcium hydrosulfoaluminats at elevated temperatures the epecimess frond - 
*Giant® cement, and ako from icalctum aluminate and gypsum half-hydeate, efter 18 month hardoalag under 
moist conditions, were subjected to heat teatnent in a medium saturatod with water vapor at 30, 40, 60, 80 
and 100° for R hours, and also to an autoclave treatment with the following regime; 2 hours to sales the pressure 
atm,, holding at 8 atm, for 4 hour, end 2 hvurs to drop the pressure, 


After the water-heat Geatment the specimens were analyzed for the amount of free gypsum by the method | 


of dissolving the gypsum in saturated Iime-wates solution, The results of the determinations are given ia 
tahle 2 


TABLE 2 a 
Amount of Frage Gypsum in *Gtam* Cement and in Synthetic Calclum Hydrosulfo- 
aluminate 


Name of binder | #mount ef of free 60, efter treatment, Ia % 


at at at 
40° 


*Giant® cement 0 4.009) 4.194 
+ gypsum 0.489] 1.475] 1.609 


0 0 0 
0.02} 021 {9 
JC 
: 2.63 | 0.07 49.02 0,18 
\ 
$.657 
2.183) 2 GUA} 2.073 


The data in Table 2 show thet caletum hydrosuffoaluminate, stable at as the result of wate-he at 
eegtnent begiss to decompose with the Uberation of gypsum et ternpereture of ebout 46°, Elcvatiua of 
tle temperature results tn an tocrease In the emount of liberated gyprum, Postiand ceinent rock ead the 
chat hydrotulfoahaninate, synthesized in the solid phase, after (8-month hydrttloa moist convitlons, 
were subjected to x-ray phase by the powder method, For ths the powden, dehydrated wit ethyt 
hol, wer placed Ina capillary with an tntcrid diameter of 0,5 mm, and, wing copper filtered radistion tn a 
RDX chamber with a diameter of 57,3 nm, the pattern was token with an exposure time of 12 hours, Here the 


voltage on the tube was 30-kv,, and the anode current was 20 ina, 


SP 


| u | 


Fig, 1, Powder x-ray patterns of the hydrated cements and calcium 
hydrosulfosluminate; a) °Giant® plent cement without gypsum b) 
the same cement with gypsum, c) *October® plant cement without 
d) the tams cement with gypsum, ©) 3CaO* 
*32H,0, synthedzed from solutions of Al,O, and CaSO,°Ca- 
$0,° 0,5H,0, calcium hydrosulfosluminate, tn the sole 
id phase from $CaO* AL,O, end CaSO,° prior to wates heat 
treatment, g) the ssms compound sfter treatinent 40°, 


The intensity of the diffraction lines and the values of the interplanar distances for the hydrated *October® 
*Giant® cement are shown in Fig, 1, 


In compsring the intenstty of the diffrection and the values of the interplanar distsnces for the 18- 

month hydrated "Giant* and *October® cements, not conwining gypsum ta hhelr composition, with ths indices 
' for the tame cement, but containing gypsum (Introduced tn the mixing) it should be mentioned that tn the lat- 
ter,lines ere present that characterize bigh-sulfate form of calélum hydrosulfosluminste, The *Giant® 
cement, containing 6.32% SO, in addition to the principal Unes corresponding to the hydrated-mincral clinker, 
shows additions! tines 3,87, 3,46, 2,83 and 2,11 A, For the "October cement, containing 6.34% SO,, the 
lines corresponding to Al,O,°3C8S0,° 32H, 0 arc at 3,85, 3,43, 2,74, 2,63, 2.14 and 1,56 A, Here for 
both the *Giant® and °October® cements portion of the less intense lines, corresponding to calclum bydru- 


| 

| 

| 
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sulfoalumioaste, are superimpared on the Itnes of tre other hydration product of the cement, In tis way 
tng) the Intensity of the latter, Lincs, the presence of fres gyprum ta of its 

. were not found on the x-ray patterns. 


From this tt follows that the phase analysis of two Portland cements of different minerslogical Cotveaiiail 
after thelr joint hydration with gypeum for 18 months at 20-22%, docs not thow detomporition of the formed cale 
hydrotulfcaluminste, which fn turn supported by tee chemical results (after 18, mouths of hydra 
tion both of the cement donot contain free gypsum), re 


Phase analysis of the calcium hydro! fHaluminate, obtained in the eolld fromm Af, 205 
CeSO,* 0,51,0, revesls that after keeping the specimens ander molst conditions at 20-22° for LY the val- 
wes of the interplanar distances (taking int account the error incurred in measuring the Hines) ere equa} to the 
corresponding lines for the calclum hydrosujfoalumiaate obtained by tke method of reacting water solutions of 
320° Al,O, and CaSO,° 0.51, 0 with subsequent removal after] days of the formed A1,0,° 3250," 
*32H,O crystals from te mother Mquor, which can be seco fa 


The “Giant® cement and the calcium hydrosulfoaluminate that had been synthesized in the solid sist 
hydrated jointly with gypsum for 18 months, after 8-how wearment et 30, 40, €0, and 107 In weter 
satusated medium, and also — autoclaving, were subjected to x-ray analysis tn ordes to establish the srabillty 


Of temmeratures, The results acres with the cata obtalned 
by the chemical m:.. point of esicium hy fcaluminate~ eficr waters 
heat treatinent at 40° Lines ccc 2.53, 33 and 1.97 A, characterizing tic of 


CaSO,: 2H,0, for which the vaiues of the correspond to given in the table {5} The 


decomposition character of the calcium czystals is Fig, & (see attachment to 
1232). 


The intensity of the lines, corresponding gypsum, Increases in meawre with ta the temperate 
of treatment, which Is evidence that a large amount of gypsum Is Uberatcd ta the decomposition of calclum hy- - 


The following conclusions can be made on the basis of the performed study, 1) in a molst etmosphere at 
20-22° the calcium hydrosulfosluminats formed ta cement rock ls stable compound; 2) calcium 
sluminate begins to decompose when subjected to @ water-hest treatment at 40°; the decomposition cf cals 
clum hydrosulfoaluminate duting water-heat treatment eccompanied by liberation of free the 
amount of which increases in measure with increase in the temperatura, 
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SYNTHESIS OF THE SYSTEM THE 
PRINCIPAL NUCLEUS OF NATURAL RESINOLS 


N. B. Galstukhova 
(Presented by Academician I, L, Knunyant, October 12, 1956) 


The condensed heterocyclic bexahydro-(3, 4°)-furofuran system les at tho base ofa definite 
of natural rudstances, the so-called phonolle reainols of lignens, 


lncluded among such compounds are; plnoresinol[ (1), Ry Ry = Ry = FQ, eudesmin {(1), Ry Py 


=CH,O; B sR, = Hand sytingaresinol ((1), Ry = Ry = Re = Ott). 


This series of substances represexts definite Interest from the viewpoint of biological activity; in particu- 
lar, ons of the members of tis grovp of compounds, sesamin, shows bacteriostatic activity against pathogent¢ 
bacteria, especially ageinst Mycobacterium thercvlocis, ths growth of which fs inhibited by scsamin ata dilu- 
ton of (1,2) The insecticidal section of pytctizin ts alco substantially enhanced by eesamin [9,4], 


It seemed of interest to determin: the possibility of synthes!zing the principal nucleus cf resinols, asmely 
(I)- (3,4:3°,4°) furofuren (R, Ry Ry H), since only the dromatic derivatives of the 
hexahydofurofursns ere found in nature, having substitments in the benzene ring, the Gansition fran which to 
compounds with cther substituens fs 


To syntherice (3,4:3", 4") furofuran we selected echome (A), which fs elzo eprli- 
cable to ths of compounds wid eubstituted benzene rings, and eccomplicred by this scheme ts syne 
of both (3, 43°, 4") furcfuren and its structural feomer, the 2,6-diphenyl Corivative, 


bear, 

w 


CH, — CH— COLON Coe 
: a 
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tw 
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The starting tubstsnce in the synthesis of the and 2,5-dl pheny the valrydro (3,4:3°4") firofurans was the 
dBenzoyhuccinic ester, obtained by Knore method [5] as two the A-cstes 123+ 130°) and the 
y reser (mp, 74-73%, 


After the teductica of these compounds to the tctrahydrle atcohnls tt could be expected that 


the bomeric tetreols would be formed, The cleavage of from the latter to 
(9,4:3°,4°) furofuran and 2,8-di phenyl xahydro (3,4:3°,4°) furofuran, respectively, 


The redection of the B-lsomer of the dibenzoyfruccinic ester with Uehium sliminum hydride inether et.“ 
0° ted to obtaining 6-2,3-d! (a called the B-tetrso} av), ia yield on 
exter, Prisms dickiorocthans, mp, 137-138,5%, 


Found 71,82; H 7,58; OH 22,25, Calculated 171,52; 7,23; O8 22,50, 


mp, 112-113°, 


Found Se C 65,98; H 6,47; COCH, 31,8, Calculated C 68,38; H 6,38; COCH, 35,6, 


m.p, 253-259%, 


The y-ederzoylrcetnte ester was reduced with lithium alumiaum hydrids under tho cams conditions as 
the B-lsorper, We cbuined y -2,3-d! (V), called ths y -tetraol, in 81% yield 
on the y ester, Colorless prisms from) dichloroethane with mp, 147,5-143°, 


Found Se: C 71,58; 7,26; OH 22,38, Cyghy,O, Calculated %: C 71,82; H 7,23; OH 22.60, 


In the reduction of the racemic dibenzoyltauecinic ester [t was pomfbic to cdtain three racemates of 2,3-di 


(e-hydroxydencyl)-1,4-dbutancdiol, while from the meso dibenzoybuccinic ester lt was possible to obtain two 
meso forms and one racemsate, 


We were eble to from the reduction products both the B- and y-tetreol forms sing!s ecystal- 
line tetrshycric alcohol, The olly substances remaining after thelr separation also contained byd0x yl 
bt pomidtc tisat the other lsomers were found tn thom, 


We tubjected the chtained B- and y=tetract teomers to dchydration, cf ths tctmol, obtained 
by the reduction of the meto dibenzoybuecinic ester, should yield (3,4:3°,4") furofuran, 
since only in this cere docs closure of one of the tetrahydrofuran rings leave the remaining primery elcchol 
groups in the cfs-porition to each other, In ike manner the cdtatned by the reduction of tha racemic 
dhenzoylsccinic enter, should give 2,5°-diphenylhexzhydro (3,4:3°,4") furofuran, We ran the cleavage of water 
from the 8-tetrzol tn vecuo ata residual pressure of 9 mm end a bath temperature of 110-170" ta ths presence 
of potassium bt Aftor ths seperation of water had ceesed tho mia portion ef ths substence diittited as 
& yellow with Bp, $20-230° 8 mm, Rubbing wih dry ether cawsd ths subdstenco to crystallize, Tbs 
lated substance, crystallized from alcohol, had €3,5-90°, and from ths elementary anslyt!s ecrreeponded 
to the composition of diphenylhexahydro (3,4:3',4") furofizan, called tha B-bicycle; tha substence did rot cone 


tain eny groups, 63 shown by Ge énalytica) determinations end by study of the Inf; specttum, The 
yleld wes 


Found C 61,0% H 6,69, Calculsted Sq C 83,21; 16,17, 


| ‘The yotetraol was also dehydrated by the method of slow heating is ths presence of potamium bieulfat at 
a temperature of 150-200° end 8 vecuum of 13 mm, The diplienylhexshydro (2,4;9°,4') furofuren, celled 
tha yobicycie, distilled st 13 mm end 220-230° as a viscous reddich-crange ofl, which when cooled and tweated 
with dry ether crystallized as thin needies; from alcohol, m.p, 72 yield 23,0%, 


‘Found 81,29; H 1,94, CgHg®, Calculated C 81,21; 6,77, 
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The Trerovitinoy determination end the infrared spectrum of the compound revealed ths abscace of hy- 
group. 

To tdentify Gre 2,5- and 2,5*-diphenythershydro (3,4:38°, 4") firofurens synthesized by us end to dctermine 
the position of indstituents them we undertook ths catalyde hydrogenstloa of there ecmpounds In gtacial 
scetic ecid in the presence of at etneepheric pressure end room tempersture, Hera, due 

to the influence of phenyl groups, rupture cf ths ether linkegs occizs between Gis oxygen and the scocndaty 
eabon atoms Scheme (2}}, 28 wes chown experimentally, for example, tn the cass of the reductive cleavages 
of 2-pheuyldloxane and [6} 


ivn wt 


(va) 


HOOC —CH — CH, — 


Ry dogeaation of tie B-bicycle under the conditions indicated above gave a substance with 65.6- 
67°, yleld 719%, From the analysts cata and the ebeence of hydroxyl groups (Tserevitinoy determinatca) 
this compound was 2,3-dibenzylttrahydrofuran (VII), 


Found %: C 65,64; H 7,92, Cyth,O, Celculated % C 85,71; H 7,94, ee 


Corse quently, the -bicycle ls 2,5-diphenylhexahydro (3,4: 39°, 4")}- furofuren (VI), 


The y-bicycle wes hydrogenated under the samo conditions; here we obtained a viscow olly substance, which 
crystallized after drying in vacuo end rubbing with dry ether, The dl-2,3-d!benzyl-1,4-butanediol (1X), isolated 
in 49% yield, had m,p, 87-88° (fom Higroin}; it mixed melting point with ths dl -2,3-dibensyl-1,4-butsnediol, 
obtained by the reduction of dl -2,3*-didenzylsuccinic acid with Uthium aluminum hydride, was not depressed, 


Found %; C 60,19; H 7,82; OH 13,07, Cygtt,0,, Celculated %; C 79,90; H 8,20; OH 12,60, 


Diacetste, mp, 73,5-74,5° (ftom alcohol), 


Found % C 14,92; H 7,53, CHO, Calculsted % C 74,53; H 7,40, 


The structure of the dl -2,3-dibensyl-1,4-butanediol was shown by the counter synthesls, proceeding from 
either di -2,3-didenzylmecinic acid (X) (7) of its diethyl ester (m,p, 80-81,5% (XT), which wer reduced with 
‘Aithium aluminum hydride inether, After the usual treatment we obtained an ofly substance that crystallized 
with diffleulty, Vacuum-distillation at 195-210° end 1,6 mm gave a crystalline compound, mp, 67-28°, 


Found % © 179,82; 118,17, Calculated %q C 79,90, H 8,20, 
As @ result, we confirmed the structure of the racemic 2,9-dibenzy!-1,4-butanediol (1X), end consequently 


showed the structure of the y -bicycle synthesised by us as being 2,5'-diphenylhexshydro (3,4:2°,4°)furofucan 
(vil), 


: 
— Ct, — CH—COOT 
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THE CLAISEN REARRANGEMENT IN THE ALLYL ARYL SULFIDE SERIES 


E. N. Karaulovs, D, Sh, Melilenova and D, Galpera 
(Presented by Academician A, V, Topchiev, December 24, 1956) 


The Claisea rearrangement, an lsomerization that fs charactoristic for ally! aryl ether, in the opinion 
of some Investigators { 1), 2 also inberent to thelr sulfur analogs, This conclusion ts based on the study of Hurd 
and Greengard [2], where the author, in studying tho pyrolysis of ally! pheayl sulfide end allyl mifide, 
found that bere the corresponding o-allyltilophenol and 2-allyl-4-methylitiiophenol are formed tn about 25% 
yteld, 


In contrast to we established that practically no allyltiiophenol formed whea ally! pheayl eulfide 
is bolled without solvent, but instead the allyl phenyl sulfide ts lsomecized w propeny! phenyl sulfide, identical 
with the product isolated by Tarbell and McCall [3} when they treated silyl phenyl cul fide Lith an alcoholic 
solution of 8 sodium eleohoiats, On stancing or wien heated, propenyl phenyl eulfide forms condensation pro- 
ducts; the compound, assumed {2} to be o-allylthloptenol, apparently represented condensation product of the 
propenyl phenyl sulfids, containing a certain smount cf monomer and caly traces of ths allyicvophenol, which 
up to now has remained unknown, The thermal! lsomesizatica of ally! o~tolyl end allyl p-wly! evi fides proceeds 
in the same manner as for ally! phenyl sulfide, end here ths propenyl o-tlyl and propenyl p-tolyl eulfccs are 
tespectively odtained; in this comection nelther sllyi-p-thiocresol (in contradiction to nor 
cresol is formed, The propeny! wlyl sulfides were also ottained by us es the result of beating the corresponding 
allyl toly! sulfides with an sicoholic solution of a sodium alcoholate by the method (5}, Ths 
thermal {somerizetion of allyl ary! eulfides proceeds by the scheme 


ArS — CH,CH = CH, ArSCH = CHCH,; (Ar =  n-C,H,CH,). 


The structure of the thermal} bomertsetion products of ellyl ary! sulfides wes established by the method of thei: 
reductive desulfurization over Raney Ni; here the propenyl phenyl sulfide euffers cleavage to yield propane and 
benzene, while the propeny! wlyl sulfides suffer clesvags to yleld propans end toluens, 


In a typical experiment 150 g of allyl phenyl eulfide was boiled under reflux tn @ nttrogen etrsam for 
The mixtum was repeatedly with 20% NsCH solution ths water layer contained caly 
traces of mercepteas— after treatment wo obtained 0,19 g of lead mercaptida, After wpersting from 
tho elbsilne water leyer the crgente layer wes diluted with peuoleum ether, drisd, end distilled through 
ma with én efilctency of 25 taecretical plates, Here we frolated £9,7 g of propenyl phenyl sulfida, of @ yisld 

of 36% besed on reacted ally! phenyl sulfide, b.p, 79-80°/3 mm, 225-226°/740 mm, 1.6950; 10923, 


Found C 12,04; H 6,€3; 21,32, Calculated % C 72,00; H 6,67; 21,34 


We recovered 40 g of allyl phenyl sulfides, 


A solution of 5 g of propenyl phenyl! eulfide in 76 ml of glacial ecetic ecid was oxidized with a 260% 
H,O, for 1 hour et 100°, The mixture was diluted with water end evaporated to ~ 60 mi, which operstion was 
repeated five times, after which cocllug in an Ice-salt mixtize gave precipitates of propenyl pheay! eulfons 
(probably the tam-tomer), yield m,p, €3,5-69 (from alcohol ¢ water in a 4: 1 ratio}, 


| 
| 
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Found %: C 59,36; H 5,46; $ 17,70, Calculated C 59,34 H 6,49; § 17.58, 


The mother Iquors from the trans-propenyl! phenyl sulfone were extracted with benzene, and the extracts 
were vecuum-distilled to give propeny! pheayl (probably Uns cle-lsomes), yleld 17.0%, 176-159°/3,6 
mm (bath tempersture),n, #15536, 


Found %, C $9.31; H 5,55; S 17,54, CyH,SO,, Calculsted C 59,34, H 5,42; § 17,58, 


Starting from o-thlocresol, allyl o-toly! sulfide was chtained in 90% yield by the method secommended 
in [2] for the preparation of allyl pheny! sulfide, b,p, 96-97°/5 mm, 1.5707; Loizs, 


Found %; C 73,17; H 7,42; S$ 19,04, Calculated C 73,17; H 7,32; 19,51, 
Six grams of ally! o-wly! sulfide was oxidized with 1,0, in the same manner es before; after benzene 


extraction and vaeaum-distillation the allyl o-twlyl sulfone was Lolated, yield 6 Ff, b.p,163-170°/3 mm, 
1,5492; 1,1673, 


Found ‘eC 61,42; 6,17; 16,17, Calculated C 61,22; H 6,12; 16,22, 


Twelve grams cd under reMus in a nftrogen stream for 3hoeun, The te- 
action mixture was worked up in tne manner as tho ce23 of allyl phony! sulfide, After two distillates 
from Claizen Mask we obtained 6,15 (51.2% of theczy) of prapsoyl o-toly! sulfids, b.p, 122-123,/25 mm, 

1.5762; 1,0175, 


Found C 13,32; H 7,20; $ 19,91, CyHyS, Calculated % C 73,17; H 7.03; 19,81, 


Three grems of propsnyl o-toly! sulfide was oxidized with H,Q, in In the ears a3 
before, Here we obtained 2,5 g of propenyl o-toly! sulfons, b,p, 173- mm, 1.55515 1.1741, 


Found C 61,24; H6.15; § 16,43. Calculated % C 61,22; H 6,12; 8 20,93, 


Allyl p-tolyl! sulfide (7,2 g) was boiled under reflux in nitrogen stream for $ hours, Here partis} dee 
composition was observed and ~ 0,33 g of propylene was evolved, The reaction mixture wes worked up tn the 
same manner es for the o-lsomer, and the propenyl p-toly! sulfide was Isolated In 30,6% of ths erameenier, 
b.p. 131-136°/25 mm, ny 1,5746; 1.0119, 


Found %: C 73,24; H 7,32; S 19,43, CygHisS. Calculated % C 79,17; H 7,32; 6 19,51, 


The product does not give @ precipitate with solution of In sicohol, while ths higher 
boiling fractions and the residue from the distillation contain only traces of compounds with Sif-group, 


Two grams of propenyl phenyl eulfide in 112 rn} of alcohol was boiled with stirring for 8 hous with the 
Raney Ni obtsined by the method of [4] from 10 g of Raney elloy, Ths evolved gees were collected in a 
Martotte flask and analyzed to give 278 ml of propane, or 96% of ths theoretical yield, Ths reaction mixture 
was diluted with 50 ml of water and distilled Ni ond NiS, The distillate wes distilled through colutnn 
38 cra high with fine Levine metal packing, he fractions with b,p, 64,5-77° (containing an azeotosic mix- 
ture}, after dilution with water, gave 0,5 ml of benzene (42% of theory), identified by epectisn 
ia the ultraviolet region, 


The reduction of g ef propsny! o-tolyl sulfida with Rensy Ni (from of Raney alloy) in 230 ml 


(boiling for 12 hours), the same as before, gave 1,9 g (75% of theory) of toluene, 107-109°, 
1,4910, 


Six grams of propenyl! p-tolyl! sulfide wes reduced with Ransy Ni (from 160 g of the alloy) {9 300 mi c% 
alcohol, the same as described above, We lsolated 654 mi of propane (Sif of theory) and 1,4 g of toluens (42 
of 105-109, 1,4779, 
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The color reaction with sulfuric acid ts charactertstle foe propenyl ary! sulfides studied by us; two drops 
of concentrated 1450, ate added to a drop of the propsnyl aryl sulfide to give a ted coloration, which rapidly 
tans to 2 brown, The ally! aryl sulfides give only a IMght-ycllow coloe when treated with concemratd HSO, 


The data obttined by us permit the conclution that for tre allyl ary! thiccthen, In contrast to the core 
responding oxygen compound, the Clalsen rearrangement ls practically nonexistent, When heated, the allyl 
aryl Gucethers bomalze Ue corresponding propenyt ery! sulfides, 
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STUDY OF THE MECHANISM OF THE ALKYLATION OF AMINES WITH 
N-TRIMETHYL-a-PHENETHYLAMMONIUM IODIDE 


Corresponding Member Acad, Sct. USSR D. N. Kursanov and S. V. Vite 


It & known that emmontum ssits of type At— CH, Naw are capable of atkylsting prinisry and second- 
ary arnines through the transfer of the ArCH, radical from one nitrogen atom to another ( 1-3,5, 


The alkylation of amines with ammonium compounds {s of Interest in view of the fact that ths Gaal and 
starting substances fn this reaction belong to the same class of compoundsg 


The mechanism of this reaction has not been studied up to now, 


We studied the alkylation of piperidine and morpholine with optically active N-timethyl-a@ Race 
@emmontum todide; 


This reaction can proceed [4] elther by dhe synchronous mechanism [scheme (A)}, of by the asynchro- 
nous mechanism with the intermediate formation of the free carbonium bon [scheme (B)]; 


the reaction proceeds by the synchronous mechanisin (scherne (A)) ths obtained 
dins should possess optical activity, If the reaction proceeds through the Intermediate formation of the free 
casbonium fon (.cheme (8)}j ths ecbtalned product should not possess optical ectivity, 


It was found that the optical ectivity of the phenethyl redical ts retained in the substitution process; tha 
Nea -phenethylptperidins obtained from the D-salt was levorotatory, while the ob- 
tained from Uwe Ltaalt was dextrorotatcry, From this tt follows that the reaction proceeds by the synchronow 
mechanism, 


« 
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Since the cvaflguration of the optically active N-a-phene trylptperidincs had not been establithed np 
to now, the wecd arose to dctertuine the configuration of the leworots tory N-a obtained by 
ua, For this we synthesized I-N-a-plenety piperidine by method where the asfiguration af the carbon ston 
did not change the action process, We proceeded from leas phenethylminy, which was reacted wita 
1,S-dibromopentane to yleld N-a-phencthy I piperidine, also possessing rotauon: 


L ‘ 


Since the asyinmeutc center is not touched in the utilized reaction, it can be stated that levorotatory N-a- 
phenethylpipectdine belongs to the L-series, 


From this It follows that the configutation of the a-phenethy! sadical shows Inversion in the rection of 
d-N-trine thyl-a-phenethylammonium fodide with piperidine (and apparcatly, with morpholine), 


It was also found that the optical purlty of the N-a-phencthylplperidine, obtained tn the alkylaton of 
piperidine with d-N-trlmethyl-a -phenethylammontiuin lodide, depends on the reaction Ume, When the heating 
wes fot 12 hours at 125° the cbtained N-a-phenethylpipertdine showed specifte rotatica of an whilie 


when the heating wes for 3 hours at the same temperature the obtained substance had @ specific rotation of a) = 
15,6°, 


Apparently, @ reduction in the optical purity during heating was due to the secondary reaction of sym. 
metrical substitution: 


It is evident that constant repetition of this process should eventually lead to racemization, 


EXPERIMENTAL 


1, Reaction of d-N-trimethyl-a-phencthylammontum fbodide with piperidine, A mixture of 0,1 mole 
of d-N-trimethyl-a -antmontun lodide (4) and 0,3 mote of piperidine wes beated In a altrogen abnosphere for 
12 hours at 125°, The reaction products were dissolved in 100 ml of water, and the resulting solution wzs made 
alkaline and extracted with benzene, The benzene extract was dried over powdered potassium hydroxida, 


Distillation of the material through a column gave; 6,47 g of d-N-dlinethyl-a-phenethylamine with 
b.p. 66-70° (8 mm), 1,5032; 0,9054, fa 69,0° (corresponds to en optical purity of 957.) end 5,47 g 


of N-a-phenethylpiperidine with b.p, 118-119°(9 mm), aff 1,8292; 0,9622, (415 =—7,5° (in methanol, ¢ 
8.1), 


In a similar reaction, where the reacdon Uine was 3 hours, we obtained 9,00 g of N-a-phenethy!ptpsrl- 
dine, B.p, 118-119°(9 mm), 1.5279; 0,9004, (af, =~ 15,6° (In methanol, 9,3), 


2, Preparation of A mixture of 0,1 mote of (in thse 
volumes of ether) end 0,042 mols of 1,5-dibromopentane (6] was placed tn @ flask, which was comected to @ 
Vigresux column fitted with a total reflux head, The ether was slowly distilled off by heating on the water bath, 
Reaction began after about half of the ether had been distilled off, The besting was terminated eftes 6 hours, 
and the flask contents were treated with 30 ml of 15% hydrochloric ecid, The neutrel substances were exacted 


with benzene, The aqueous solution was made alkaline with 6N NsOit, and the obtained {ree basa was extracted 
with benzene, 


* Obtained by the Itersture method {7}, = ~39,8°, 


‘ 
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Distillation gare 8.93 g of with bp, mm) end 7,43 g of 
Gytpiperidine with bp, 114.5% (Timm), The lattes substance had the following constants: 0, 
1,5268, fa 33,0° (in incthanol, ¢ = 7,2), Picrate, 173-178,5°, 


C8232; H 10,14, Calculated ty €2,46; H 10,12, 


3, Reaction of hylinmonium fodide with morpholine, A mixture of 0,1 mule 
of thyt-c -phencthylanunonium fodide® and 0,4 mele of tnorpleline was hested ii a eltrogen atinose 
phere et 135° for hours, The reaction mixture was Clrolved ta water and meade elksilue with NaOil, The 
separated off wae extracted with benzcne, The beneens extract was dried ovc? potassium hydroxide, The re- 
action product were distilled through # Vigrcaux coluinn 120 nun tn length 


We obtained 6,9 g of N-dimethyl-a -phene thylamins with bp, 68,5-69,5° (8 mn), 1 5027; 
0.9032, [a (ia methanol)= — and 6,32 g of for which the following 
were found; 123-123,5° (8 mim), 1,028, nf} 1.5278, [2 = + 16,2° (in 90% ethanol, = 14,6), 


Cakulsted on the basis of these data the specific rotation for pure N-a -pheneth yimorfoline should be 
not less than 426,6°, 


In similar manner the reaction of fodide wit morpholine gave 
123-9° (10 mm), 1,018; 1.5272, picrate, 124-194,5°, 
Found %_ C 75,25; H 8,96; N 7,55, CeHyON, Calculated %; C 78,33; H 8,96; N 7,32, 
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IN THE SYNTHESIS OF ALKANLS 
WITH TWO TERTIARY CARBON ATOMS, SEPARATED BY A CH, GROUP 
(DITERT-ALK YLMETHANES) 


R, Ye, Levine, Yu, S, Shabsrov, V, K, Deukshes and E, G, Trethchove 
(Presznted by Academician A, N, Nesmeyenov, Decsmbes 21, 1956) 


In previow communicetions ( 1,2] we desctibed a method for the synthesls of ethylena hydrocarbons with: 
tertiary carbon atom, consliting in reaction of alkylmegnesium bron.ddcs testlary of the 


allyl type; the latter are easily obtained by te hydrobromins of branched diene hyducarbons with 8 
jugated system of double bonds, 


Thin, for exemple, the kydrobromide Hal @ Br) served the start~ 
ing substance for the syntiesls of 2,4,4-trlmethyl-2-alkencs © 


Cli, 
1, CH, 
(1) 
Ci, 


~ cH, 


(tl) 


In the present etudy, using the eames as tho starting material, we dovelop- 
ed a nsw end convenient method for ths eyntherts of tho difficultlyeccessibte porsffin hydrocesbora with two 
tertiary cetbon stoma, esparated by group tha dieertalkylmechanes (only tha firet member of Cris ecrics 
of hydrocarbons, 9,2, 4, 4-tetramethyl pentzne, is descebed in ths Iteratusd (3}), Tha above indicated reaction 
was the first-step of this synthesis, in which connection ths replecement of the bromida by the hydrochloride of 


2,4-dime thyl-1,3-peatadicns Hal Cl) made {t to increase the yleld of 2,4,4-timethyl-2-al- 
kenes (1) from 30 to 45-50%, besed on consumed chloride, 


Alkenes (R © Cally, Cott, already having one tertiary carbon etom, wero then treated with 
hydrochloric ecid to yleld the saturated tertlary chiorides, the 2-chlomw-2,4,4-uimethylalkanes (122; yicld 00 %, 
which were then reacted with organomagnestum compomds In the presence of mercuric chiorids (the catalyst 

fa the Grignard-Wurts reaction when RMg3r Is reacted with tertiary chlorides (4,5]); the products of this last 


synthesls step were the elkancs with two tertiary carbon atoms, by a CH, group 
anes); 


The were obtained from 3,6-dimethyl-2,4-heptadiens tn the same mannet (2}. 


| 
: 
4 


In the reaction with organomagnesium compounds the saturated tertiary chloride: (ut aley cleaved 
chloride, forming the starting alkenes (I) in 50-55% yield, which were wed again for tho synthesis of the alkanes > 


(iV), Alkenes (Il) and alkines (1V) ace easily separated by distillation, The yield of the alkanes pas 15-25% 
based on tertiary chloride ken for reaction, and 30-S0R, based on consumed chiodde, 
FXPERIMENTAL 

Hydrochiorination of .. The unsaturated monohydrochloride of nethyte 


,d-pentadiene (1) was obtained by “bubbling dry hyerogen chloride (to a weight increase of 37 g) dicue | 
hydrocarbon (33 g, mole: G2-93°/145 min; nt} 1.44458; 0.7378; (6): bop, 4955 
mn, ny 1,4442; 0.7376), cooled in a mixture of ice and salt, During distillation and whea stored, > hy dros 
similar to the hydrobroml (1}, cleaved hydrogen halide and to a substantial degree was conver 
the starting dicns and ita dimer, For this reason we used the dricd, but not distilled, hycsochlotide, directly alter © 
its prepsration, to obtain the alkenes (il), 


Synthests of 2,4 (IN, To an ether solution of the alkylmagcestum bromide (2,5 
moles of alky! bromide, 36 g of magnesium and 300 mi of absolute ether) was gradually added whkh ice-water 
coollg an ether solution of the monohydrochtoride of 2,4-dimethyl-1,3-pentadiene (obtained from Imole of 

_ the diene), 3 


After this reaction mixture wes heated for § hours; dilute hydrochloric ecid (2N) was used for the éecom= 
position, 


The of the based on starting were 45-80%; thelr constants are given 
in Table 


TABLE 1 ; 4 
2,4,4-Trimeth yl-2-alkenesR —C CH C — 
CH, CH, 
a Name B. p. ny | 
B.p."C/mm) “O | 


In all of the experiments the diiner with b.p, 96°/10 min was train 
the higher fracdons, 
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By of 9,4, The syuthertged alfenes were saturated with 
with ice-slt ecoliny 1g ond Urea wera shacca for 15-20 at tooin tempersture with conctntreted 
hydrochitorle acld, saturated with hydrogen chierds The terthary chlortdca (1; 
2,4, were wasted with water, Cried over celctum chloride, end led (yictd 


thtie conttants end tis enelysts cata arc given Table 2, 


TABLE 2 


Neme *Cc/imm ct 


2-Chior0-2,4,4-trie 

2-Chicro-2,4,4-tri- | 
methyfhexare [4.4203 me 42.79 


® Literature dsta for (3 bp, 63°/29 
1,431, The other chioridcs are new, 

TABLE 

Alkeces of General Suucture (Ditert-alkyimethanes) 


MRp Found 


Found c 

2,2,4,4-tetrameth4 —6s,2° R 49.75) 43.70 

"yipentans® 

33 5, §-tetrrameth + ry 63.704 63.00) 
peotens ic 


yluadecane 


© Literature data for 2,2,4,4-tetramethylpentane (3) (cbtained by the reaction of 
dimethylzinc with Cp, °67,15 bop, 132,37 
/760 mm; 1.405% 71835, The other hydzocarboas are now, 


Synthesis of ditertealkylmethenes (IV) from terttary chlorides Toena 
ether polution of the orgsncmagnesium compound (1,1 mois of alkyl bromide, 24,3 g of magnesium end 229 ml 
of ebrolits ether) wes edced 4 g of mercuric chlorids, end afte: tho Latter had dissolved complatoly, ths tertlary 
chloride (0,5 mols) was added very slowly (in 6 hows) with constant stirring and cooling of the resction mixtire 
wo 19-16%, Then the stirring was continued for another 6 hours at room temperature and for 2 hous at 30-25% 


me hylheptens [1.4448 89.80 63.25 62.19 42.64 2.47 67.03 11.89 20.08 
67.761 | | 12-0 | | 19.50 
| Cc 
CoH, CF) 19-1 15.48 
1). 
C,H, | 13 £8.20 
© ae! 
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the reaction inixture was decomposed with dilute hydrochloric acid (2N), After distilling off the ether from the 
washod and dried ether extact the residue wee balled for 2 hours with sodtuin, distiiied Com Uo sodtum, ead 
thea fractionally cistilied Crrough a column, Here the fractions removed were the 2,4, 4° tlinethy!-2 
alkenes (this fraction, Uh yletd @ which was 60-55 all cates, wes coured for of the cormspond> 
ing alkene) and a much higher bolling fraction of the elkane= the The yields cf the ale 
ranged from 15% (R = to 29H (R CH), based on Pertlary chiorids taken for ezaction, of froin 30 
based on consumed the constant and analysis data ere picsented ta Table 3, 


~ 


TABLE 4 
| Raman Spectra of Ditert-alkylincthanes 


AaeTetra (0.8), 262.09; By, ), Ly, 429 (0.6), 
methy 404 (0), 858 (9), By, 109 (0.8) 
1233 tH3 (6), (2 
? 


The method of combined Ught scattering was used to study the synthesized alkanes, 


In Tabdlc.4 we give the obtained epectra with the Intensitica, meatured on a conventional viusl ecale, 
where the intensity of the frequencies tn the 1440-1450 cm"! region was taken equal to 10 unis, 


As can bo seen from the presented data, the spectra of all of the synthesized ditert-alkyhmethenes thow 
8 community of intense frequencies in the regions 700-750, 930 and 1200-1250 em"), characteristic for com- 
plex brenching in the chatn (7,8), f.¢., for hydrocarbons with a tertiary carbon atom, 


A study of the eder alto revealed that the alkancs do not conteln the alkenes as impurities, tines freg- 
vencies in the 1600 cm”! region were absent, 


Synthesis of 3,35, 6-tetramothylhe ptans from ditertiary dichloride V (2,4-¢ 4-dichtoro-2 
The resction of ethylmagneslum bromide (115 g of ethy! bromids, 24 g of magnecium and 200 mi of eboolus 
ether) with the ditmrtlary dichloride (V) (0,25 mole) tn the presence of mercuric chiodde wes run under ths same 
conditions as deecribed above for the reaction of RMg°R with the saturated tirttary monochloridcs (177), 


Distillation of the reaction products.gave (in 5% yicld, based on the dichloride) 9,9,6,6-tstremethy!hep= 
(d,p, 71+73°/12 mm; ni} 1,4307; 0,1603), and also 2,4-dimethyl-1,9-pentadisns (b,p, 02+94°/750 
1,4440) and dimer (b,p, 92°/12 mm), 
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ON A NEW COMPOUND IN THE SYSTEM NeF-AlPs, 


Mashovets, M, Beletsky, Yu. G, Seksonov and R, V. Svoboda 


(Presented by Academician A, N, Frumkin, Bouaty 2, 1957) 


The diagram of state of the syttem eociumn Nuoride-atuninum Auorids has been studied meny times, 
the cryolite (Na,AlF,) formed in it fs ths principal component in the electrotyts uscd to obtain sluminum elec- 
trolytically from tt oxide, 


In carlics lavestige tions (1-6) it was established that {n eddition to cryolite the indicated cont [ns 
chiolite, whose compoiltion according to the data of diffcrent authors ts elther N2,AljFyg 


The ccncluzicn that only cryolite and chictite present in the mentioncd eyttem was cupported by maay 
investlg2tors, despite the fact eccord wits Urcretical calculations bascd ca taking Into 
tion tho valucs of the loate charges and rad {n composed of alii metal Nuorides end 
Muoride, sluminum should have {ts most stabie confgwaticn Int equimoleculsr compound, having the come 
position McAlF,, 


The existence of compounds of this type with potassium end with monovalent thallium end rubidium wes 
etablisthed long Circe tien was known about 4 with 
scdium, if wo disregard the postulatiors rotativa to 19 formation ta tha system NoF*A!,, ead in 
the fusion of eryolite with aluminum Mucrids [12], which pestulations, however, were not evppoited by epecial 
studics 


were obtained 8s the result of studying ths eublimates formed te of eno ef ths 
gen, carbon monoxis cr ergon— at 1000° composed of Nuoride and aluminum Nuciids, 


However, it should bs mentioned that rot all of tho valucs given in Cus popes for the interplanar distances 
correspond to the crystal lestice of NSAIFy, Soms of them belong to chiclits end sluminum Mucri¢s, At he 
same time the {ndividzal values of the Interpianar distances, characteristic for this ecinpound, ers indicated, 
Taking this Into consideration, [t ls Impocidis to accept the principal publisied by Howerd for NaAlf, 
as being fully adequate, 


Inde pendent of Howerd’s work, In 1954 we found ths compound NaAIP, in ths condenssto of the subiimates 
obtaincd the fission of cryciite-alumina melts an argon at 1020%, The amount ef this come 
pound, differing from ths merting substances end from chiolite and aluminum Nuczids, Increasd with Incresrs 
in the amount of AIF, in tho molt, Its greatest amount (of ta nw compound) wes found tn the sublimat:s whose 
melts had @ moler tatio of NaP tw AIF, of 1,67 t 1,00, in to ths so-called *acid 


elecaolytes,® 


Since the condensation products of the eub!{mates of the indicated melts always consist cf very fine pow- 
ders, repreesnting a mixture of NaAIF, end it dscomposition products (chiolite end aluminum Muozids), Ucn 
it can be sssumed that this compound ts extremely unstedlo uncer ordinary conditions and that it is cnly partl- 
ally retained in the presence of either argon of Gye other pesca, 


For the x-ray study of the specimems obtained by us we uscd coppar-filtered redlation ima chainber with 
high resolving power and @ drum Clemheter of 143,25 mm, This made it powlbke to separate tho maxima of 
chiolite and aluminum fluozids on the x-ray pattems, After they bad been excluded from the [nspecticn, tho 
rematning unidentified maxima, characteristic for the crystal lattice of the new phase, were uscd for the core 
responding calculadons, 
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The first x-tay data relating to odium were published by Howard {12}; they . 


° . 
. 
= 


Tabic 1, 


The calculated values of the interplanar distances, the relative Intensttics of the me shina 
and the indices of ths reflecting planes, found by the graphics! method fot [att tro in 


TABLE 1 
J 

{00 7 3.49 7 3.43 0.5 1.144 2 §.167 
Qu2 4 3 fit 5 3.145 300 2 1.550 | 0.5 4.160 
101 10 3.03 10 3.045 31 0.8 1.449 | 6.5 41.944 
{10 | 2.475 4 2.462 415 0.5 4.422 0.5 #.129 
103 3 2.320 3 2.3323 0.5 4.403 | 0.5 1.103 
fit 0.5 2.275 6 2.252 302 0.3 1.09 0.1 #.0°3 
coy 3 2.100 2 2.003 223 2 4.053 
412 3 $.2950 0.5 0.8 9.5 1.0.3 
103 10 1.8°0 ? 1.795 103 05 1.065 0,04 1.06 
200 5 4.727 7 4.749 215 0.5 0.9% 1 0.5 0.¢78 
Co4 3 4.531 2 1.72 224 0.5 0.979 i 0.£59 
202 |. 0.5 #.520 2 4.523 3t4 2 0.604 0.5 
21 2 457 2 4.531 401 2 0.0 0.653 
{14 4.312 0.5 4.325 320 0.5 0.317 0.5 
213 i 240 3 1.2.9 43 3 q 
220 i 1.220 332 0.5 0.731 0.01 
105 2 1.187 O.f | £.183 Gog 0.5 0.734 | 0.5 0.783 


pound: @ 3,48 0,01 A; #6,294 0,01 A, 


The obtained dsta proved to bs closs to tho comstarts of tnewn lattices for compound of ths MsAlPr, 
type, The lattice constsnt and the dimensions of the fonic radi) for the w.ivalent metals entering into the 
position of the corrs:ponding compounds are compared fa Table 2, 


Redil of the 


urivalent Lons, 
according to 


Goldschmidt, 


» TABLE 2 
Lattice con- 
ctant, A 
Compound 
e e 
3.615] 6.25 
3.61 | 6.37 
NH, AIF, 3.587] 6.348 
KAIF 3.55 | 6.129 
NaAlt, 3.43 | 6.29 


The s parameter for the two Muorine fons, found inside the elementary cell, was taken equal to 0,21, Le, 


Catculathn by the quadratic formula for the tatagons! give the letdce constant of a nsw come 


To establish whether sodium 
(NaAlF,) has tho same crystal lattice a9 (ts fzomorphic 
compounds with rubidium, thalllun end pomsstam, 
schematically shown in Fig, 1, we calculated the 
retical values of ths intensitics of the Interference maxe 
ima by the formuls; 


{ + cos? 29 


where P is the repetition factor, O13 the exc's of me 
Nection of ths x-ray beama, ere ths factors 
of the elements entering Into ths ctysal Isttice, and x 
are the coordinates of the atoms, 


Por the calculations {t was assumed that the NaAlF, lattice belongs to the space group D*g, =P4/mmm, 


the same es in the lattices of the lsomarphous compounds with potassium, tubldium and thallfum, 


The results of calculating the intensities, reduced to a 10-unit system, are given in Tabls 1, For eounperte | 
son the theoreucally calculated values of the tnterpiansr distances are also given in the table, The obts isd 


A: 

1.49 
4.49 

1.33 
0.93 
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data show Cit the agreement between them fs satisfactory, On the basis of this it can be essumed that eodiune 
aluminisn tetrafuccide (NaAM,) has the same crystal lattice tee indicated isomorphous coingounds, 


 Pwever, some attention should be given to a certain between the Individual theoretic cal- 
ewated values of the Intensities and the experimental, This ls expleined by @ of ths 
maxima of elininum Muorids and, eppsrently, of unknown compound on tonts cf the 
Interference maxima, Also not exclirded fs tho that a divergcace of the intensity values is detennincd by 
adistortion of the octshedron, formed by tix fons, of which four ero located tn ths centers of the silica of 
the wtregonsl lattice, 


That the octzhedren bs distorted can be sea from 
the fact Cat the doubled sum of the radii of tives 
tent ion aad the univalent Muorice ina equal 
$.89 A, The crystal lattice corstent a, representing the 
distance between the cenicrs of the Muorine fecs found 
on oprosits faces, is equsl to 3,483 A, The eificrenes 
betweea Cress (~O,9 A) Indicates dist 
tine ica chows conidczabis polarization, Thistich 
polarisstion ly dus to a enaller fer tla rz Zizs of 
the fon (0,83 A), found tn the nodes cf the tetrae 
isttice, when compared with ths fonic cf 
(1,93 A}, The possibility exis Chat fs 
ths for tro Instability showa by goclum 
alumimen tetsMuorids under conditiccs whea 
compared with tie othes lscmorpiule compounds, 

Proceeding from tho ebove, {t must bo esrumed 


that compound LIAI?, should be even 
since Ge radius of the Uthium lon is equal to 73 A, 
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THE STRUCTURE OF ORGANOCHROMIUM COMPOUNDS 


G. A, Rasuveayv, Yu, A, Sorokin, G. A, Domrachev, G. G, Petukhov, 


Yo, D, Tevetker end Yu, N. Molta 
(Presented by Academician N, N, Semency, March 1957) 


8 recent paper by Fischer (1) the of nectral dbenzenechromium and salts wes described 
ead brief mentica waa meds of several other ercenatic cezivatives of Proceeding x-te 
structure (Z}, magnetochemical end spectral (3), end clo meerureiment of the dipcls momewis (4), the 
author postulates that bes structure A, to ferrocene, 


A number of communics tions (5,6) have ep; cared rectatly tn which the of dibenzanschsomium 
lodide, with the hydroxids® end ead fodices® of 
Hein(7}, ts: end anhydrous chromism chicrids ts described, 


According to ths bold, but ect proven, 
postulstion of Zeiss tho solypheny! cerlvatives of 
chromium heve the general bisearene stricture B, As 
seoult, it is expedient to adopt a tingle nomenclatre 
(9) fer the {ndleated ecries of compounds, In accesdance 
with which thould be called sate of -atenc)- 
chromium, In addition, (6) & fa agreement with 
this, 


As sultzble experimental proof, Zeiss used ths 

data that ho obtalocd in the reduction of Heia"s orgsno- 
oc He X = CH,O, = xe} chromium compounds in ether medium with LIAIM, 
and also with LIAID, However, in both cazes theta 

= xyl, “ Gata sro not very convincing, Thus, when 0,107 mmole 
of UT was reduced with LIALD, hs tsolsted only 0,054 
mmole of diphenyl (instead of ths cslculeted 0,214 mmots) with e 5% content of D, From 0,70 mmole of 0 
he obteined 0,58 mmole of diphenyl! with a 6,6-6, Me content of D, 


If ft is assumed that in (e-benzens, -diphenyl)-chromium and di-« -diphenyl)-chromium lodides the 
diphenyl groups chow covalent attachment [10} thea in the diphenyl, lsolated after the reaction with LIAD,, 
@ 10% content of D thould be expected; if they have the structure of B Il and Ll, tien the diphenyl should not 
contain any deuterium, 


The composition and yisid of the orgaric products of the photodecomposition of orgencchromium com- 
pounds in chlcroform (11) ars found to be tn good agreement with tre structurea, For mor complsie proof 
we ran the photolysis of DI and IV In deutertochloroform (58,2% D}, The exposure of 1,253 g of teushydrate 
IV in 29,05 g of CDCI, to ultraviolet radiation (PRK-2 lamp) for 111 hours gave diphenyl in 73.9% yisid end D 
content < O1% As the result of photodecomposition (34 hoursf 0,610 g of Ii In 23,18 g of CDCI, gave diphenyl 
with ceuterium content of ~ 0.5% (the error of dctermining D ts 0.2%); the yield wes qusntitative, For the 
last reaction we postulate the following total scheme; 


IN + CDCI, CIChy hye 


| 

| A 8 

: | al 

t 


ft koown (9,12) chat B of cormmpourde amo paremeonetic end have 8 moment 
ef 1,7 Sots which corresponds to the presence of ome urpsired electea is each of sa, 
tn Chis jt scemed of Inttrest to tele Gs spectra of the Cf Come 
pounds for the purposs of cdtatzing dats oa tte localisstion cf ths fico electea, The fa 


water eciution of [i] ts dhown ta Fiz, 2, The presence of sepecfine etuctuss end e dre of the 


Dution of tha tovensiries indicates that the mpatred clectres macts with the of tis 
meCc rings 


Fig, 2, Absorptica spectrum of 8 water 
toa of Il; ceacerzation 10 mots/ltsr, 


A detailed discussica of theses dats, and also the data obtzined tn studying ths epectra of the 
@betron resonance of other nee of this typo, will be published tn the ncae future, 
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SYNTHESIS AND AMALYTICAL PROPERTIES OF THE TETRA(a-THIENYL) 
AND TETRA(p-ANISYL) BORATE SALTS OF THE ALKALI METALS 


A, Sesonovwe, E, P, Serebryakov end L, S, Koveleva 


(Presented by Academician A, N, Nestocyenov, December 7, 1956) 


it iskaown that teuaphenylborosodium [1) has tecenty found extessive we test reagent for the pote 
sum ica, The compound also precipitates the ceslum and rabidium tonsa, -tubidium 
and -,esium thow very slight solubility in water(2} Thus, at 20°(¢ 0.5%) the solubility of the salt in 100 
mi of water is 0,0053 chet of the 1s 0,0019 g, and that of the third Is 60,0013 g, which corresponds re- 
spectively to 0.378 mg K, 0,38 mg Rb end 0,43 mg Cy 


A, N, Nesmeyanoyv cf ot a simple method for the preparstion of te tra phe ny Iborosodiym 
13}, namely, by the reaction tum bronilde with sodium borofluoride; 


NaBP, + -- NaB (C,H,). 


Pussium boroNuoride atso reacts catily with organoma gresium compounds p-CH,C.H. Meer (4), 


(5), aad others) to yield the comesponding wetraary! borate sala, it was further chown this 
reaction ls also pow Die in ths heterocyclic series (6) 


In this paper we describe sorme sew potarsium, rubidium, ceslum end thallium tals, bsing of interest In 
analytical chombtry, Ors snalytical data are of a preliminsry nature and thow Gist a method for ths sepera- 
tion of cestum from the other slkell metals, and peobsbly & method for tie qusatizative determination of thal- 
lium (1), cen be developed on the basis of using the tetrathieny boron anion, 


The reaction of lodide with potassium borofuoride yields tetra(c.- thienyNboropotas- 


In contrest to this fs soluble In water, It should be mentioned that ons of 


the important properties of tewa(a fs Its sbility to precipitate cesium end rubidium tons 
from water solutiony 


siurt: 


KB + CaCl CoB (C,H,S), + KCI 
KB = RDB + KCI, 


in which connectioa Iithium and sodium fons do not interfere tn there reactions, 


A study of the solubility of the tetre(a-thienyl) borsiz salts of K, Rb and Ce in water 8s 8 function of the 


3 413 


tem pareture gave the following data (ausount of im grains per 190 g of agucow 


KAC OFF 10 1450 $450 2.800 


HS), 0244 0.374 O419 0421 


0.06 0.053 0021 0.098 0122 0.200 


A great difference tn the solubility of the potutum end cesium sale permie using tewa(a -thisayl 
ptasiunt determing and separate ceslum from ths other alkall metala 


4 solution containing 0,3 mg Cetin mi still gives a positive test for cestum when teated (at room 
perature) wich weer solution of KO(C,H,S), 


A les water-soluble sat (whoa compared wih KD(C,H,S), ts obtained potamtum borofuorid2 fs ree 
acted with p-anisy!magnedum lodide: 


KBP, + 2-CH,OC,HiMg — KB (C,H,OCH,), 


ow first communication (4] we described the resection of p-entsylmaynestum bromides wit 
ing to tri(p-acisyl)boron, leoleted es the ammontiats, Io Gis connection It wes indicated Cet 
boropotsssium ts epparently formed as an intermediates reaction product, Later It was mecticns”d that sors em- 
moatum aod pytidinium tetreary) borate salts cannot be feolsted, but Instead ths corresponding Clarylbarcn 
aemmontiates and pyridinates are formad immediatsly, in comrest ammonium end pyridiniam 


ten, which can be teoleted pure, By changing tha method of we were t obts!n 
ropotersium, 


Tetra p-anisyNboropotassium ts mors soluble in wates then fs bet fs much more 
difficulty soluble than tt preciptiates both mbidium end cedum fons, 


The solubttty (Amount of salt in grams per 100 g of water solution) of tetra 
dium and .« water es @ function of ths temperatuce Is given in tes table below; 


25° 40° 60° 
KB (C,H 0.0337 0.0853 0.126 
ROB (C,H,OCH,, 0.0250 0.0503 0.163 
CoB (C,H,OCH,), 0.0244 0.0253 0.0483 


Teta also gives tetra(p-entsyl) borste salts wih the cations of quaternary emmca- 
lum salt, dose not give the corresponding tetresryl borate salva wid 
and pyridindum salts, end tha end pyridinate ers obtsined 


Tetre( ts decomposed by dilute hydrochloric acid to di-p-snisytboric acid in 40% 
yield, 

EXPERIMENTAL 
To the a-thienylnegnesium lodide obtained from 0,03 g of magnesium, 6 g of a -lodothiophess ¢ acd 
-Branothtophe ne ¢an 8leo be taken here, 


precipitates the thallium (2 loa as TIS, HS), 
| 


49 of ebesicta ether wes edded 1,2 g of KXF, The reaction rn ine conical Math, Atted with caktea 
ehicti¢e tite) (8 condones wae abo weed th the case of largo amocan of reactants), with vigcrcus stining, The 
reaction elizhtty excthermic ead ts by the scparation cf the inixtize Into bayer, As a 
beatmg of the mixture bad ceared end two bad formed (in 29-35 minutes) Cro precipitate was 
Grovgh Mo, Miter and wasted scvecal Crocs with ebsoluts ethers, Ths precipitsts wctpied 2.96, The 
-thireyt wes se pssated from KDF, by la mtromethzac, The sotction w2s fll- 
tered and treated with ebsctus ethes (cx benzene) anti] white precipitate ceased to Tha letter was 
filed and washed with ether to give 1.3 g (36% of theory) ef Recrystalitzation 
from: water aad drying vacuum-dericcates orce gave 8 ecbstence with ths following anstytta, 


Found C 50,07, $4.30; H 228, 3,23; K 10,42, Calculated C 50,25; H 3,16; K $0,273, 


Teta(a - thte ry {3 readDy soluble in sad acetore, Inmolublc In ether aad 
benzeno, and tolcdle tn waster, 


The sdiitioa of a water solution cr tetra(a a wats 


solution of cesium chloride ca sulfate gave a precintsts of tetr2(a-tiienyl Pcrocesiom, which aftr wash- 
ing with water acd crying In a over was analyzed: 


Found te C 49,39, 40,60; H 2.41, 2.50; Cs 23,01, Cutt,S.PCs, Calculated #; C 40,35; H 254; Cs 
27,90, 


Tetra(a ts much less wiubd!s in water than the comcsponding potassium ssit, 


Ths eddition of water sclution of KXC to 8 tolutica of redidium 


eNorde gave a wile precipitate of which efter washing with water and Gying 
fo a vscuum-csiccator over PO, was ecalyzed: 


Found % C 44,80, 44,59; H 276, 2.75, Calculated 44.82; H 2.82. 


The soludi tity of in water between thst of the corresponding potaslum 
and cesium 


Terma-thieny!borctkalliem (1), To a solution of 0.0512 g of thallium (1) sulfates tn 20 ml cf water was 
added Ln drops a solution of 0,123 g of teue(a-tiiery!)borcpotsitum In 49 ml of water, A whit precipitate of 
(1) deposited immedistely, which was fitesed, washed several times with water, 


and dried ine vacuum-dericcator over We odtaincd 0,1331g of TIB(Cgi,S), the calculsted emount ts 
0.1323 


Found %_ C 34,98, 34,76; H 2,18, 2,18, Calculated C 35,09; H 2,21, 


To the p-anisylmernesium fodids, from 10 g of p-lodozntrole, 
1,1 g of and 10) ml of ebsoluse ether, end docented from unteacted in 6 coricel 
was added 1,34 g of flocly diviced KOPF, A stopper with celcium chloride tubs was used 
flask, The reecton mixture wes vigcrouly mixed for 80-23 minctca, after which ft wes Tho precip 
tate wee weched twice with end eirecried, Ths yield cf crude was g, Por poificstioa ths 
was eisolved th acetona, the eclution fom trorgicic knpuritics, ead hs 
salt precipitated from scetoas with ether, We cbtained 1,18 g (23% cf thecey) of 


Found C 69,79, 70,01; H 6,95, 8,97, Calculated C 70,30; H 5,69, 


Is colorless crystalline substance that turns yellow when heated to ebout 
95°, and decompores when hested to 280-300; tt Is readily soluble tn acetons and pyridine, more difficultly 
soluble in alcohol, slightly soluble in weter, and Imoludie in ether, petroleum ether end benzens; it can be re- 


Crystalitsed from mixture of eicobol end acetone, Water solutions of the salt give qualitative test for K* 
with @ solution of tewa phenylbororod ium, 


‘ 
4 


acid, A solution of 0,1 g of ths minkinum amount of 
ecetone wes Uested with ecveral drops of dilue Aftct 2-3 minetes the eolutivn wag with water, 
The resulting peccipita was filecred, in and from petrcioum ether, 
We obtained 0,02 g (40% ef theory) of di-p-snizy Boric acid wih mp, 194-105° (tn sealed caplilery), From 
the Utersture, m.p, 107° (71 


Teta A water solution of wes added w 8 saturated water solution of tetra(p- 
anisy! The resulting white precipitate of tetrad p- was (tered, washed 
eral times with water, end dricd in 8 vacuum-desiccatr over PO, 


Fuund Ge C 64,21, 63.95; H 6,36, 8.45,- Calculated C 64,08; fi 


crystalline substance with fairly good usermal stability (it be- 
gins to turn yellow at 260° and decomposes sbove 280°); It Is readily soludle in acetone and pyridine, difficulty 
soluble ta alcoho! with water, sad insoluble im ether and benzene; it ls precipiuted from scctons solution wih 

ether, 


A water soludon of CsCl was added to a eatusated water solution of 
anisy! orupotamium, The resulding white precipitate of was Altered, washed several 
times with water, and dricd in a vacuum-denecator over 


Found C $8.97, $9.19; H S05, 5,09, Calculated C $8,177; 4,93, 


Tetra p-anisyl)borocesium colorless crystalline substance (turns yellow at 270° end decomposes ebove 
290°, ts readily soluble in acetone and pyridine, difficultly solubia In alcohol and water, end insoluble ih 
ether and benzene: it ts precipitated from acetone solution with ether, 
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PHASES OF THE TUNGSTEN-B5ORON SYSTEM 


G. V. 


(Presected by Acadésmiclan A, Prumkia, Jencsry 2, 1957) 


Three borides initially revealed tn the stody of the tungsten-borm syttem— the era ganal 
and end also Gs beutgonsl 1] Lever establahed Cie exbteauce of a bigh-tempere- 
tars of moncboride{23} Accosding to the cata W (y bas very 
Limits of bomogenelty, hea ranging Gom to 51 stom boron 
Ths WI, phase, established In en earlier study (4) ls eviccnuy the same as the phase .th 
@ of stoma, 


To ths regions of the diagram more accurately, mads study of the 
cf tis by the mstiods of micrchartacay, gray and metelicgrapaic snalyecs, To prepare Ge 
loys we weed W (35% ef the 3g) and preparstica with tenta- 
formels CH tiod (5) in etempting to chtala W2, wih 
x > 8/2, Tos tua of borca and tongzten this waa closa 100% The mixtwres 
were composcd ca Ua of preparing tpecimers wih Cis teatstive WD, formulzs (where x © 0.01; 0,02; 0,5"; 
0.2; C.£; 1.0; 1.5) 2.0) 2.8 3,0), end were by the of bot pressing with pro- 
6t 1555° cooling Cils for 8 pesiod of 10 boca, Tie Catered spccimens, 
aher epparent and acd stucying the were crashed & powder 
eod Gen st jected to chemical end a-tzy phase The scsults cotsincd fn are givea ia 
Tedis 1, 


The chemical ecompottion of the ellcys (tes Tinta 1) hardly changed caring the elatezing, with tae exe 
ecptica cf Gre spoctincss with nomiasl composition end W2g os, la which Us boron wee tormewhat 
Toe chtrined by shitcring were quite dense, end efter enseaiing tie Consity of of ie 
specimens hardly chans:4 og {acreased slighty; excezticas were Gs specimens WO, 
ered Wo' where Cie dentlty cropped quits eherply dicing ennsallng, This csa be expliined ta with 
statement of Reud end Plate [€}, who tha effect of Gee opcaing prese 
gure”) in formation cf intermetallic compounds ts dus to the Individual charactesistica cf the newly 
pesticies, 

A stoly of the microstructure of the tpec{mers revealed Gat eheady with boron coment of 0,9 stom 
the tpec tens begin t thow two phases, of Gem, in color (white phrss*), ecezupics Ge main 
of Use tpccimen; the eccond, darker in color phase®), fs bocsted at tie tntemticcs of the polytadzons of 
the whice piss, With the bocca contcmt Ge amount of the gray phase lncteesca, and wid Ga alloy 


Content of 15,69 B Cie praise of Cis gray cocuzy up 40% of tha trecimca @rea, The widte 


tualalog peactcally with change (a the elicy comm paiuon up t 22,03 The of te 
Co boride 122420 kg With increase th the boron content ef tee elbys 
froia 34,3 © £9 atom} tos WD eppess, the of which increas from ~ 230 ~ 3760 khg/ sq min, 
ta tees for the ton, 


Inciesting the beroa content rp to stom eal higher causes dark-pray to appear, with hard+ 
eres Chat Garesecs uniformly from 1104 kg/egy mm, (st 63,7 atorn B) to 2599 mm, 6).4 stom 
© D, Krawccukova participated sn the work, 


a 

tc 3 sold of fa bes cf 650-770 ram, re- 

; 
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in tts alloy), The mactinum hatdness of this phase ln good with the shown hy 
Apparently, phase hae a wids homogencous regton (from 64,7 t 15-77 stom % B), since the WD, specitncs 
appears a9 phase, while the secund phase, in color, appears only In tho speciines with 8 B cone 


tent of 75,0 atom wh %), The lattes haa s hardness of 3600 kg/sq mm, is close te 
nets of boron (BL 


TABLE 


Calculated . Pesiods of the 


W+ 
W+w,d 
W+ 
7262181] W+ 
W+ 
+ WB 
Mette] + Wa 
(WB)+ WD, 
3034 
155: 
B+ 


dats of the metallographic study ere well supported by the x-ray anslysis results, The pere 
tod of the tungsten powder, used {n the tudy, wes 3,169, A, which le in quite close ecrsement with recent Hite - 
It remains practically constant up to a boron content cf 23,6 stom All of Cisse elloys are 
pautre- the second phass fs tho boride with tho periods © S624 A a A, which colncléesexe 
actly with the data of The alloys end cnc-phess in asture, If the presence cf 
trdividual very weak W,3 on tre x-ray pattera of ts cegiected, end the beri¢s with 
periods, increasing, for exampis, slong tis a exis from 3,124 to 3,191 A, Thisborids Inthe 
alloys WB, 5 and WB, but in form cf few weak tho xeray patterns, Peginaing with tis compoile 
ton the principal phaes is the borite W,3, with meximum pericd 2,009 A (according te 
2,982 A), In addition ths lines, the Lines for are observed In the specimen with a B contcat of 
15,0 atom %, shown by coinparizon with the interplanar distances obtalued by the uss of the data of (10} 


On the bssls of the obtained data It can be stated thst the following phase regions exist tn the tungsten- 
boron system (from 1 to 70-80 atom % B); 


1) an a-region of very mited solid solution of boron in a-W, formed with seducticn In tha lattice 
petlod and ae corresponding distortion, keading to an Increase In the herdness from 340 to 650-770 kg Aq mms 


2) two- phase region of a y, which connection the y -phase (W,B) thows very nsrrow 
eous region and hardness of 2420 kg/sq mm; 


WBo 0.6 ju. — | 17.88) yoo 3.0% | 

wo. m — | 3.46] 44.60) -| 

41k 


3) two-phes scgton of y ¢ WS); 


4) a bomogencows region of WB (§-phss2}, extending et tha most Bon 444 to 60-55 stom & B witha 
hardreta, changing withia Coos Unita, of £059 


8) a tro-phase region of ¢ (WD 


6) shomogeneow region cf prodsbty wide and extending from €3 to 13 atom which 
does motemce with tho earlier dats of (1) Cust ts efthes atcont of bs proseat exty (a very natrow 
homogencess region, Evideady, the phase containing 71,4 stom & D fs ths principts of 
stracting boroa end the phase containing nce then 71,4 etom % Bea princizis of edding beroa 


The comparatively low b2rdness shown by the y-phsse ts essocizted with the Imtsted of 
the boron atonn in tha elementary cell, ho maximum b thown by he 8-phses (WO), where 
the borun atoms are linked chatiien, The of ¢-phses semewhst lower thin 
that of the §-phase, probably cos to ths formation of layen of boron @toms, making the alloy more Inclined © 
stul-de formation, el] tro more so since the con be regerced as having a hexzconsl lattice wih 
the boron atoms th ity interstices, 


in addition, the phase dees not show a hich erder to regulartty, which appean, in particulzy, ta it 
ability form broad regions ef solld wih other borides 29 Che eclveat 
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THE PHOTOCHEMICAL SULFOXIDATION OF *-HEPTANE WITH 
SULFUR DIOXIDE GAS AND OXYGEN 


Acedemiklan A, V, Topchiev, G. M, Taiguro and G, V, Gryasnov 


The direct sulfonaticn of s-heptane with elther sulfuric acid or ofeum fs not very effective, a-Heptans 
reacts with furning sulfuric ecid to yicld only teces of heptanesulfozic ecida {1}, They are ele formed in ths 
sulfoxidation of n-heptane with sulfur dioxids and exygen tn the presence of organte peracids[2}, The purpose 
of the present study was to investigate the direct photochemical tulfoxidation of n-heptane in the Uquid phase, 


The sulfoxidation of n-beptane was run at 20° in 8 vertical quarts tube with a 30-mm diameter, fitted 
atthe top with reflux condenser, Through the hydrocarbon, charg=d into the tube 300-400 mi amount, was 
bubbled sn equimolar mixture of sulfur dioxide and oxygea, inw fine bubbics by means of capillary 
In the tube throuch which ths peses were admitted, Ultavioles git wid) a wave length of 3650 A was wed © 
Uluminate the reacuc burnce wes vertically at a distance of 175 
mm from the reactor, Duc. _ i reaction products which collected in the lower portion of 
the tube were separated from tho bydrocaiton layer, 


In all of our experiments tis yield cf reaction products was independent of the concentration of sulfur 
dloxids and oxygen In the mixture end was directly proportional © ts of their throush ts 
n-heptsne layer, which indicetes that tis yfeld ts proportional to the number of Ught quanta ebsorded by ths 
reactant, The degree to which the sulfur cloxids and oxygen are utitised fs lincarly proportions} to the heigtz 
of the hydrocarbon layer trough which the gases are bubbied, 


The reaction products that separated ftom the hydrocarbon Isyer and coliccted in the lower portion of the 
quartz tube represented @ mixture of substances, the composition of which ts given in Table 1, 


TABLE 1 
Com position of the Products of the Photochemical Sulfoxidation of a- Heptane 


Amowt la wt, 5-6 5-9 18 


The rate at which the reaction prodscts separate fs not sporecizbly influenced by the price eddition of 
benzoyl! peroxice to the n-heprans, Apperently, ths investigated process does not have an Induction period, in 
the presence of toluene, which, eccording to our studies, Is inert to photochemical sulfoxtdation by pasteus sul- 
fis dioxide and oxygen, in elther the Hquid or the vapor phase, ths esifoxidation of a-heptane was practically 
all, [t was established that n-heptane under these conditions induces the oxidation of toluens, whereas crea 8 
trace amount of either the latter of It oxidsdon products inhibits the photochemical sulfoxidation of n-hepizas, 


The results of tha experimen’, run by us in Now revealed that tho photochemical sulfoxidstioa 
of n-heptane by gascous sulfa dioxide and oxygen ts @ consccutive rezction, proceeding with intermedizte 
formation of mono- and disulfinic acids, We were able to obtain thes: acids In the process of bubbling sulfur 
dioxide through a-heptane in the presence of radiation by ultraviolet ight, The heptancsulfinic ecids are resdily 
soluble in n-heptane snd in this solvent are easily oxtdized by oxygen to give the heptancsulfonic acids, which 
separate from the hydrocarbon and do not contain sulfuric acid, In a special series of experiments, tan in a 
stationary closed system, it was experinemally established that the photochemical sulfoxidation of n-heptane 
proceeds with the intermediate forination of heptancsulfinic acids, 


: : 
) 
he 


To determine the structure of the ecid, Cre latte, together with the heptane fo- 
alc ecid, were separated frocn sulfuric acid by Us salt method es the barturn salt, Che teestnent of 
which with phosphorus pentachloride gave mixture of the mono- and chlosiges, This mixture was 
éksotved In an equal volume of dty lsope rans, ths rolution cooled fn a Dewer verse} ta end thea Cis 
cipitated chloride, difficultly soluble eves in warm Lsonsntane, wos flitercd et temperstura, 
The filcate efter removal of the solvent represented mixture of 64 wt % monohe ptanetulforyl chicsids end 


36% hepty! clioride, appercady formed principally tn the process of obtsiaing the chlorides of the beptarcsul» 
fonic acida, duc w reaction with phosphorus pentschloride (3): 


C,H,,S0,C1 + PCI, -- C;H,,Cl + SOCI, + POCI. 


The heptane monozulfony! chiorids was subjected to thermal desulfonation at 195-200, Here we obtained 


Q-chloroheptsne which distillcd at 146-149° and had refrective Index 1.4212 (from Utezature, 147-150° 
end nf} 1.4222 (4). 


In addition to by the congtants, we obtained the crystalline S-heptyllso= 


thiourea picrat:, from the tolated keptyl by the method of Levy, Bown and 
Campbell (S} 


CH, (Citi CH, 


The picrete was prepared in the following manner, A solution of 0,5 g of Uuoures in 6 ml of C5* ethyl 
alcoho! was tested with 0,63 g of heptyl chlorida, Tho obtalzed solution was tolled under reflux for Lour, 
after which 0,5 g of picric acid with mp, 120,9-121° was added, and the balling continued for enother 10 min- 
wuts, The slcohol solution efter cooling was diluted with 45 ml of disilisd weter, end bere the formed picrate 
crystallized as yellow leaflets, which were suction-filtered and recrystallized from $07 methyl alcohol, 


A mixture of the obtained picrate with the picrate, prepared in the same manner from n-hepty! bromide 
and having m.p, 127-127,5°, 


N=H 


melted at 110,8-111,5°, 


As 8 result, the heptsencmonowulfonic acid obtained by us in the sulfoxidation of n-heptane 
is o -methylhexencsulfonic acid 


(CH,),CH — SO,H 


From the potsesium salt of the heptenesulfonic ecid, obtained by treating the barium salt with an equi 
molar am. ant of putassium sulfate, we synthesized the previously unknown benzylthiuronium ealt of the heptas 
nesulfonic acid, This synthesis was performed es follows, A solution of 1,16 g (0,0053 mole) of the potssium 
heptanesul fonate in 4 mi of distilled water was cooled in ice and then mixed end shaken well with an ice-cooled 


4 
| 
| 


solution of 3,32 g (0.0005 mels) of benzy Rhluronlum chloride 173-174°) ta small emount of water, Crys- 
tals of the bexzy salt of the heptsnesulfonite acid deposited on cooling; these were collected cna 

Stes snd wasted wits cold water, Repeated cecrystaliization from 309, ethyl alcchol gave the product as scaly 
erystais, brving 105,$-103,5°, 


It ts indicated in tho Mterature tho photochemical. sulfoxidation of paraffin and cycloparaffin hydro- 
earbonms proceeds by a chain mechanism, Thus, Graf (6} and Orthner believe that this reaction Is chain ree 
action and that It proceeds with the Intermediate formation of alkane persulfonte acids, which in water solition 
are instantly reduced by sulfuros acid to the alkancsulfonic acics, giving an eqilmolzs emount of sulfuric ecid 


RSO,0,H + SO, + HzO RSO,H + HySO,. q) 


The formation of sulfinic acids observed by vs, aad also the much greater amount of heptancsulfonic acids 
in the reaction produ whea comparcd with the amount of sulfuric acid that should have been obtained In ac- 
cord wit mis schemes, do not support the formation of heptanesulfonic acids and sulfuric acid 23 U:s result of de- 
com posing the heptane pertulfonic acids with sulfurous acid in accord with equation (1), Ths formation of sulfuric 
acid by equation (1) is In general of slight probzdillty In our expetiments, due to tis fact Uiat tho water, needed 
for this reaction to proceed, could have been Introduced into the reactica medium In extremely minute quantities 
together with the reaction gases, As Indicated by Graf(6}, water can ortginats as the result of the reaction 


+ ge Cu Hangs + + H50, 


but we fatied to observe any appreciable formation of unsaturated compound In our experiments, 


We belteve that the photochemical sulfoxidation of n-heptans with gaseous sulfur dioxide and oxygen is 
consecutive reaction, proceeding the following manncr, n-Heptsne reacts with a sulfur dloxide molecule, actl- 
vated by ultravioict light, to yleld a heptanesulfinic acid 
a 


SO, + hv + SO}, (3) 
(4) 


This process of forming end accumulating heptanesulfinic acids is the slow step of the reaction, In the 
presence ofexidizing agents, which under our experlmental conditions can be both molecular and atomic oxygen, 
and also ozone, there occurs the continuow oxidation of the heptancsulfinic acids to heptancsulfonic acids, which 
then sepsrete fromthe hycrocarbon; 


2C,H,,S0,H + O, 2C,H,,S0,H, 
C,H, ,SOsH + O, -- C,H1,,50,H + O,. 


Simultaneously with the described consecutive reaction ths formation of heptanesulfoniec acids from eptane- 
persulfonic acids tn accord with scheme (1) can alzo proceed to tome In addition to this pro ers, 
fur trixoide ts also apparently formed under our exporimental conditions as the result of the oxidation of sulfur 
dioxide by n-heptane hydroperoxide, 


+ OF C,H,,00H, (8) 
C.M,,OOH + SO, + + S0,. 


(9) 


(5) 
(6) 

(7) 
|| 
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The presented scheme, although not final, nevertheless permits making a mote complete Interpretstion 
of the experimental The exporlinental data obtained by usare insufficient to the mechsnism of 
the photochemica! sulfoxidation of allphatic hydrocarbons by gascous sulfur dloxivds andoxygen, and adJitlonal 
spectal studies are needed, Studies tn this direction are being continued, 
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STUDY OF THE STRUCTURE OF HYDROXAMIC ACIDS AND SOME OF THEIR 
DERIVATIVES BY THE METHOD OF INFRARED SPECTROSCOPY 


E, M, Usova and E, M, Voroshin 
(Presented by Academician A, N. Nesincyanoyv, Novcinber 16, 1956) 


A fairly good study has been made of the properties of the benzohydraxantic acids, but the question as 
to their chemical structure still lacks an adequate answer, Up to the present tine a dual structure has been 
assigned to thein ta the chemical Mterature, For example, monobenzohydroxamic acid is assigned two struc 
turer 
N—OH (I) Cll, —C—N-— OH (II) 
i OH 


and correspondingly, dibenzohydsoxamic acid Is assigned the structures; 


Gil, (itty — N—O-C— (IV) 
i 
OH ou 


The picture 1s even more obscure relative to the structure of the acyl derivative of dibenzchydroxamic ecid- 
tibenzohydroxylamine, which exists as two crystalline a- end g-modifications with different melting polnts 
and a different solubtiity, Some authors (1-3) belleve that thezs modifications of re- 
present physical polymorphs, while others relate them to tautomeric substances, existing es the hydroxsmie / 
and hydroximic forms, in which connection not ons of the authors Indicates which structure can be esiigned 
to which modification of the 


TABLE 1 To anrwes the question es to whether the @- and 
-fooms of tribenzohydroxylamins ‘era physical poly- 
morphs or chemical lsomers, wé made 6 study of the 
2 pression, possibility and-.conditions for their mutual transforma- 
49 tion, end wa mado a study by the Sidgwick method 


and measured the dipole moments, 


426 0 035 Interconversion wes not observed for the ae and 


4.6283 |4.470) 4 
2] 4.15158 104] 4.076 439] 0.023 B-forms when they were hested and then cooled, Under 
3] 4.800 14.001] 4.055 [0.409)0.445] 0.056 


the influence of nitrogen-conts ining solvents (pyridine, 

nitrobensens, anilins, quinoline) a transition of the less 
stable B-form into the more table a-form of tribensos 
hydroxylamine was chserved, Tho reverse transition of | 


g 
a 

| 

: 
: 
: 
: : 
4 
t 


he a-foem into the not be shown any conJitions, 


This steady making the preliminary conclusion that the a- and 
. are wnt polymorphic substances, The results of detcrniuing the cryuscopic lowering of the melung points by the 
Sidgwick method! 4) ar given i Table 1, 


The depression produced by the addition of the @-form to 2 tatwated sotutiog of the 6 -form was on the 
average 0.993%, A substantial increase the depression ts evidence the @- and 6 -forms of alhenzahydro- 
evlamine represent bomeric subdtances, 


Measirement of the dipole moments of the @- and 6-forms of tibenzohydrocylamine, made by the di- 
lute solution method [5], and calculation by the Guggenheim: method [6] reveaicd a substautlal difference in 
the dipole mnoneaits of Ux Investigated forma, Thus, the dipole moment of the @-fonn proved to be equal to 
4.78 and that of the B-form to 4,84. D, Such a difference In the values of the dipule maiments suppocts the 
previos.s conc hustons that the a- and 6-forns of tribenzohydrory lainine are tsomers, 


Fig. 1, Fig, 2, 


To elucidate the structure of the henzohydroxamiic acids and of the a- and 6 -forms of tibenzohydioxyla- 
mine in the crystalline state we made 4 study of the absorption spectsa of these substances in tie infrared region 
of the spectrin from 2,5 to 13y, using an IKS-1) infrared spectrophotometer, In Ue spectrum of the monobenzo- 
hydroxamic acid (Fig, 1) an intense band at 1661 cm”! ts typical for monosubstituted amides [7] and testifies to 

the presence of the (gH. a. grouping in the mokcule, In the high-frequency mgion there are frequencices 


at 3780 and 2730 cm”', which, apparently, belong to the vibrations of the NH- abd Ot!-bonds, On the basis of 
the presented data it can be assuined that the structure of monobenzohydroxamic acid in the crystalline stato 
can most probably be expressed by formula (1), In the dibenzohydroxamic acid spectrum (Fig, 2) in the 1600- 
1750 em” ' region there are present two highly interse bands at 1650 and 1772 cm"', The high Intensity and 

position of these bands permits relating thoi to the vibrations of the CO-groups in the molcculs, The band at 
1650 cm”! ts characteristic for monosubstituted amides, and, the same as for the monobenzohydrovamic acid 


oO 
4 
(1661 cm” + testifies to the presence of the Cyt, CN H grouping in ths molecule, In ow opinion, the bend 


at 1772 cm”! is determined by the carbonyl ester grouping, An Increase In this frequency (CO) Is determined by 


| 

[ 

| 

| 


+ 


the presence of boad betecen tie ester group (through oxygen) and tre alvogen atoin with an uvhared pais of 
electron, The band st 3120 cin"! belongs to vibration of the NH-hond, participating In vigorous tatermoi= 
eularreacdon, Asa result, it imust be assumed that acid In the crystalline state has 
twe 


A coinparisoa of the infrared absorption spectza of tie and B-forms of (Fign 
3 and 4) reveals a great differsnce between them, This again mstitine to tre fact that the investigated sub- 
stances are lsomeric compounds, 


Py 

nh 
13 
| 


Fig. 4, 

In the spectrum of the B-form (Fig, 3) in the double bond region there caist thre absorption ban&: tro 
wery intense bands at 1762 cm"! and 1754 cm*', and a third weak band-at 1624 em™', Based oa the considera- 
tions presented above, tie band at 1762 em’ ' can be related to the ester grouping, bound through oxygen with 
the niacgen atom, while the band at 1754 cm”! can ba related to the ester grouping linied to the carbon ator, 
Because of its weak intensity and low frequency value the band at 1624 cm™' most suitably characterizes Use 
C#N frequency {8,9} Proceeding from these data, the 6-form of tibenzohydroxylamine can be assigned the 
hydroximic structure: 


(V) 


—C— CH, 
6 


In the spectrum of the a-form (Fig, 4) of wibenzohydroxylamine to the region of the carbony! frequencies 
there exist two absorption bands, The band at 1776 cm™', tho sams as In the cases examined ebove, characte=i- 
sea the ester linkage of the ——e group la the ester grouping, linked through oxygen with the nitrogsa atom, 
The intense band at 1718 cm”! ts the C=O amide band, An Increase tn this frequcacy Is explained by the fact 
that electronegative groups are linked with ths nitrogen atom [ 10), 


No bands whatsoever were found in the double bond region (1620-1640 cm", Asa result, the a-form of 
the molecule can be assigned the hydroxemic structure (V1): 


| 
4 
we 
| 
| 
| 
oO 
| | 
Cll,--C--N oO —C-- 
i 
-- 
hee 
1 
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I consider tt my duty to thank Yu, N, Sheinker for his guidance and esistance fn the execution of this © 
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